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FOREWORD

The study progress described in this report was accomplished

during the period 15 December 1961 through 22 January 1962 in partial

fulfillment of the requirements of the Specification Design Study

under Contract AP 29(600)-3300.

ABSTRACT

This report describes the second month's progress a

ecification~signBudy for flight testing inertial guidance

systems. Areas of effort accomplished d.:k CIS ,a-s-pm-*od

include continued, development of the error simulation program,

final establishment of criteria for ground tracking system, and

survey of existing tracking facilities. Trajectory analysis,

thermodynamic and aerodynamic studies, preliminary layout of the

final stage vehicle including recovery and telemetry, preliminary

layout of control and guidance systems and development of test item

criteria were accomplished.
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CONTRIBLY21NG ORGANIZATIONS

The GEN study program at the Space Technology laboratories, Inc.,

is being accomplished by a task force organization, the members of

which come from the several laboratories and departments. Listed be-

low by name are those engineers who have contributed effort to the

progress described in this report.

INERTIAL GUIDANCE AND CONPTOL LABORATORY

Inertial Guidance Department

A. N. Drucker - Chairman, GEM Steering Committee

L. N. Jenks - GEM Task Force Director

R. A. Bain - Fternal Tracking Systems
K. H. Baird - Telemetry
W. J. McLaughlin - Command Guidance Studies & Inertial Guidance Testing
J. P. Miller - Inertial Guidance Testing
M. F. Popelka - Survey and Optical Alighment
R. A. Eore ) Error Analysis and Simulation Program
J. R. '.&stlake )
Controls Department

E. P. Blackburn - Control System Analysis
R. J. Goad - Control System Analysis
H. Kaichi - Control System Analysis
R. B. Sherwood - Control System Analysis

GUIDANCE LABORATORY

Radio Guidance and Tracking Department

R. Anders - External Tracking and Command Guidance
W. R. Sorkin - Ebternal Tracking and Command Guidance

SYSTEMS RESEARCH LABORATORY

Systems Design Department

L. Becker - Booster Configuration - FSV Design
P. C. King - Booster Configuration - FSV Design
C. A. Knight - Booster Configuration - FSV Design
J. Orr - Antenna Design

Systems Analysis Department

B. A. Wine - Trajectory Analysis

AEROSCIFNCES LABORATORY

Aerodnamics Department

D. H. Baer - Aerodynamics
G. Liplpcart - 7nermodynamics
D. H. Mitchell - it

H. R. Wilkinson - Aerodynamics

COMMUNICATIONS IABORATORY

Communications Equipnt Department

G. S. Kasai - Antenna Design
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I. INTRODUCTION

On 15 November 1962, Space Technology lAboratories, Inc. was

placed on Oontract AP 29(600)-3300 with AFMC to accomplish a pre-

liminary engineering design for the GEN (Guidance Evaluation Missile).

This design effort is to be completed within three and a half months

of the above date with the final report being submitted within six

months.

The objective of this engineering effort is to provide the

specification design and methodology to implement non-49ptautive

A of inertial guidance systems and components through use of

a pre-programmed flight test vehicle. Included therein is the

ancillary instrumentation to provide the precise meaningful data

required to accomplish inertial system evaluation. The detailed

objectives of this design effort are contained in the Statement of

Work AF 29(600)-3300.

The STL design study effort is organized in three main task

areas, these being further divided into sub tasks. Appendix 1 is

a diagram of this task layout as proposed for accomplishment.

Generally, once the GIN test philosophy, test objectives, and test

conditions have been established, the study is divided into three

areas; analysis requirementsp trajectory requirements, and test item

requiremsnts. Inspection of Appendix 1 will indicate the further

subdivisions and interface of the tasks. Each block of the task lay-

out is the responsibility of some individual or organization within

STL. Further, the GM3 task layout is based on a rough three-month

time'scale, reading from top to bottom chronologically. It is to be

noted that such a layout is essential for planning, guidance, control,

and coordination within the Task Force and should not be interpreted

otherwise. Obviously, such a layout must be flexible so as to be

subject to possible modification as problem areas are disclosed and

design criteria becomes progressively defined.

Discussion of the study progress during the reporting period

which follows may more easily be followed by occasional reference to

the task layout (Appendix 1). By so doing, the reader will readily

obtain a clear picture as to detailed task interface and study progress.

Task accomplishment to date is shown on Appendix 1 as cross-hatched and

shaded areas.

This report discusses the engineering effort that has occured sub-

sequent to that effort covered by the first month's report. (Rii'€rence 6).
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Paragraph II (Progress During Reporting Period) covers the conclusions

and the significant study features. The various appendices provide

the study detail, as known at this time, some of which may be a repeat
of portions of Paragraph II.



I PROGRESS DURING REPORTING PERIOD

A. Establishment of Test Philosophy, Test Objectives
and Test co Ions-

This was defined and documented during preceding reporting period.

(Ref. (a); Par. II A, Appendix 2, and Appendix 3).

B. Trajectory Requirements

1. Completion of the analysis requirement study, as partially reported

in Reference (7) at the end of last reporting period, has indicated

the extreme desirability of effecting a two-fold GEN trajectory

capability. Such a duality entails (1) a retro-thrusting 2nd stage

in tandem with an upward-thrusting lst stage complex and (2) a delayed

upward-thrusting 2nd stage in tandem with an upward-thrusting 1st

stage complex. For convenience and clarity, these two trajectory

sequences shall be designated Program A and Program * respectively.

Together, these two programs will comprise the Phase I GE system.

The two trajectory programs are plotted in Figures 1 and 7 of

Appendix 4 and tentative event schedules are illustrated in Figures 1

and 2 at the end of this section. A more detailed discussion of the

two trajectories will be given in paragraphs a and b below.

a. Program A (Phase IA) - The necessity for this trajectory sequence

has been discussed in detail in Reference (7). Figure 3 illustrates

the manner in which the various accelerometer error coefficients,

with magnitudes as indicated, propagate, the nature of such growth

being ideally suited to the separation of the non-linear error

functions such as the quadratic and cubic acceleration terms as

well as the servo lag term. Figure 4 illustrates, for the same

trajectory, the behavior of the gyro error terms. Under these

conditions, the gyro compliance and bias, due to lateral acceleration,

are accentuated for purposes of identification and verification. It

is to be noted, however, that the constant drift, misalignment and

mass unbalance terms tend to highly correlate (and hence become

somewhat unidentifiable) when exercised under Program A.

The terms Phase IA and Phase IB are synonymous with Program A and Program B,

respectively.
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b. Program B (Phase IB) - The merits of this trajectory sequence were

also discussed in Reference (7). Figure 5 illustrates the prop-

agation of the accelerometer errors when exercised on the delayed

trajectory. The advantage of this sequence over Phase IA, as

far as accelerometers are concerned, is the increased separation

of the bias and cubic terms from the other terms. Figure 6

illustrates the growth of gyro errors when subjected to Program B

and points up the separation of the constant drift, compliance,

and mass unbalance terms.

2. The expansion of the trajectory sequences into Programs A and B does

not alter the selection of the booster configuration adopted during

last reporting period (shown in Drawing PD 28-009 for Phase IA). The

requirements of error analysis, as discussed in Reference (7), when

considered in the light of Program B, accentuates the desirability of

the improved Algol/Pershing B-2 combination. This is principally due

to the low average thrust and low impulse of the delayed and retro

stages of the Pershing configuration if used for both programs. Since

Reference (7) details these considerations, further discussion will

not be attempted herein.

Program A has been in existence for some time and the trajectory

sequence has been established as follows: (Additional trajectory

information is contained in Appendix 4).

PITCH PROGRAM

1ST STAGE

VERTICAL RISE - 2 SECONDS

.20 SEC - 8 SECONDS

.0750 SEC - 40 SECONDS

CONSTANT ATTITUDE - 10 SECONDS

COAST PERIOD

CONSTANT ATTITUDE

RETRO STAGE

-. 170 /SEC - 46 SECONDS (ENTIRE STAGE)

COAST AND RE-ENTRY PERIOD

CONSTANT ATTITUDE
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Phase IB is now being completed, the status of which is described
in Appendix 4.

3. Final S Vehicle Desig Iayout

a. As discussed above, the GEM analysis requirements now specify

two distinct trajectories - Program A and Program B. After

establishing such a vehicle requirement, it was decided that the

most feasible course of action was to insure that the FSV be

designed to accomodate both programs with one set of hardware.

Drawing PD 28-010 shows the FSV preliminary layout and the

assemblies for the two programs. The most critical problem

involved in the design of an FSV capable of mounting the Pershing

B-2 either fore or aft, is the location of the pitch and yaw

attitude control nozzles. Due to a shift in the Pershing B2/FSV

center of gravity with each engine location, the control jets

cannot be located, relative to the FSV, in the same position for

both programs. The roll nozzles, however, will remain in the

same location relative to the FSV for both programs. As is

discussed under the control system, the combination hot and cold

gas control propulsion will facilitate this nozzle shifting. Two

distinct interstage structures will be required due to differences

in structural stiffness requirements of the two configurations.

At this time, it appears that these two areas represent the only

special item requirements when considering inter-program standard-

ization of hardware. Drawing PD 28-010 illustrates this point by

showing that the fairings, some of the interstages, and most of

the FSV will remain unchanged for both program missions.

b. Aerodynamics - Computations have been completed for aerodynamic

coefficients and center of pressure as function of Mach number.

Based on these figures and Reference (13) data, the FSV flap

deflection was increased from 150 to 200 . This was dictated

because the flap hinge was ineffective at + 150, particularly in

the critical transonic region. The aerodynamic data is being used

to determine stability for control design, as drag inputs to the

trajectory programs, and to calculate structural loading of FSV.

For re-entry guidance system study, acceleration vs. altitude was
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plotted for various ratios. (See Figure 7.) Appendix 5

describes the aerodynamic effort.

c. Thermodynamics - Thermal analyzer programs were run for various

stations on the FSV for the portions of the trajectory below

300,000 feet. The results are summarized in the following table:

Maximum Temperature

Ascent stagnation point 1813OF (Outside)
132OF (Inside)

Re-entry stagnation point 1866°F (Outside)
302OF (Inside)

Ascent payload skin 388°F

Re-entry payload shell 570OF

The trajectory used for these calculations is that anticipated

for the abort case and is considered the most stringent as far

as dynamics is concerned.

Appendix 6 details the results of the thermodynamics studies to

date. Considering the practice of utilizing AVCOAT on structures

where the skin temperature exceeds 5000F, it appears that AVCOAT

will be required in a relatively light coat.

d. Bending Mode Calculation effort has been initiated to compute

bending mode shapes, frequencies, and other modal properties

for the Program A vehicle. Five time points along the trajectory

have been selected for calculations, namely:

(1) launch

(2) T + 26 Sec (Max wind shear)

(3) Algol Burnout

(4) Pershing Ignition

(5) Pershing Burnout

Due to a lack of improved Algol bending data at present, calculations

are being based on the standard Algol data to obtain bending infor-

mation for initiation of dispersion, control design and guidance

studies. If improved Algol data differs significantly from the

standard, the bending mode computations will have to be repeated.

-8-



e. Recovery System - A preliminary parachute system analysis indicates

that a three chute cluster is desirable for minimum weight, maximum

reliability, and maximum stability. This represents a change from

earlier considerations which favored a reefed-expanded single chute

method. Investigation disclosed that a single drogue chute should

first be deployed at about 15,000 feet altitude (see Figure 8) in

case tumbling of the FSV occurred. The single drogue will stabilize

far more reliabily than a large bulky reefed chute. The deployment

command would be generated by a barometric pressure switch. A timer

would then activate the release system, ensuing the drogue chute to

pull out the final three chute cluster about 12,000 ft. altitude.

The lower deployment altitude will facilitate chute operation and

minimize drift from prevailing winds. The weight of the complete

parachute package will be approximately 75 pounds. The drogue chute

will be approxi.ately 16 feet in diameter and each of the three

final chutes, 38 feet in diameter,; all being off'the-shelf-itms.

f. Structure Design - Design of the FSV flap system has been partially

completed (see Drawing PD 28-007A). It can be noted that the system

offers simplicity and reliability while maintaining the original

design criteria of being automatically deployed by the separation

command. When opening, each flap moves slightly under the aero-

dynamic shield allowing maximum protection at the critical "leading-

edge". The material under consideration for the shield is hi-

temperature refrasil phenolic fibreglass molded in segments.

Although the flaps are designed mainly to withstand the aerodynamic

re-entry heating, they can be made frangible to absorb "impact"

loads that may result from toppling of the FSV after initial ground

contact.

g. Weight and Balance Effort - Work continues on inertia calculations

and it is anticipated that within the next three days the following

will be issued:*

(1) Inertia vs. time curve

(2) Weight vs. time curve
(3) C.G. vs. time curve

(Note: These calculations were received on 29 January 1962 and will be
included in final report.)
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Information received during the past two weeks from Martin,

Orlando and Chance-Vought has materially assisted in the above

undertaking. Data received from Martin were official, but

Chance-Vought data remains to be confirmed as of this date.

Final information is still lacking concerning final stage

equipnent), i.e., weights, sizes and power requirements.

4. Flight Control and Command Guidance System Evaluation

a. Control - Mie study effort in the control area has been concentrated

on the evaluation of control techniques and hardware. System

analysis has not been emphasized due to the lack of necessary

preliminary aerodynamic calculations (as discussed above). However,

such will be forthcoming shortly and the control analysis will

proceed. It has been decided to use the Sissenwine wind criteria,

modified for southwest United States, as the data provided by

AFMDC does not contain 3o- values. The control system configuration

as now envisaged, is described below:

(1) Payload Control System

(a) Function - The payload contains the gyro reference

package consisting of three MIG gyros to generate control

command signals during both powered and coast phase of

flight. An electronic programmer generates the pitch

programs in addition to the required discrete signals

for all stages. A guidance command unit accepts ccemwnd

signals transmitted from the ground and applies them as

torquing signals to the gyros. The payload attitude

control system controls the attitude of the Pershing-

Payload cobination during coast prior to Pershing

ignition, and the same system controls attitude of the

payload about all three axes from Pershing separation

until re-entry, and about the roll axis from re-entry until

parachute deployment.

(b) Configuration - Payload control torque is supplied by twelve

reaction engines. Eight of these engines, utilizing

nitrogen gas, provide control before re-entry and are

- 10 -
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located at the nose of the payload for Program A

missions. Roll control during payload re-entry is

provided by four hot 'gase monopropellait ,.engines) tentatively

located at the rear of the payload near the re-entry

flaps. Appendix 7 describes tentative layout of the cold

gas and the hot gas systems.

(c) Thrust Level - The pitch and yaw control reaction engines

must provide 14 lbs. of thrust each. This sizing is

based upon a dynamic pressure at first stage burnout not

to exceed 5 lbs/ft2. In addition, the staging transients

at Algol separation and at Pershing separation are assumed

to be less than 20 /sec rate impulse imparted by the

separation springs. The re-entry roll control engines

provide 24 lbs of thrust, with a mounting distance between

the engines of 2.75 ft. This level of roll control torque

is required to counteract the roll moment imparted to the

vehicle during re-entry. Prior to re-entry, the low

thrust level roll engines, providing 2.2 lbs. of thrust

each, are adequate for roll control.

(d) Total Impuls - The 3 cr roll disturbance torque from

re-entry to parachute deployment will result in an

estimated total torque impulse of 4730 ft-lb-sec

resulting in a minimum required hot gas roll control

impulse of 3430 lb-sec for this phase of flight. Total

estimated cold gas control impulse for the Program A

mission is 400 lb/sec. The Program B mission with the

longer coast times will require a cold gas impulse

of 2000 lb/sec but the required roll control impulse for

re-entry will remain the same.

(2) Powered Flight Control Systems

(a) Improved Algol - Control of the vehicle during burning

of the first stage is effected by jet vanes in the Algol

exhaust stream in combination with aerodynamic fins.

Control characteristics for this stage have been

summarized in Reference (14).
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(b) Pershing B-2 - The Pershing stage is controlled by

jet vanes in the Pershing motor exhaust stream.

Pershing control system characteristics are described

in Reference (15).

b. Command Guidance System - The effort in the command guidance area

has been concentrated upon a study of FPS-16 accuracy with the view

as to its applicability as the input to the command system.

Further component design cannot proceed until such time as a

control system dispersion has been accomplished. Continued

disucssions with WSMR Range Safety must be accomplished to insure

complete incorporation of the safety requirements and will take

place late in January 1962.

(1) FPS-16 Tracking Accuracy

FPS-16 velocity tracking accuracies were determined in a

Cartesian coordinate system for two FPS-16 site locations,

viz. Tula Range Camp and "C" station. The purpose of this

study was to determine the adequacy of the FPS-16's in

tracking GEM for backup radio guidance purposes and details

of the study are in Appendix 8.

Two trajectory points were chosen from the Phase I GEN

trajectory, one near first stage burnout durirg maximum

ascent velocity, the other at low (about 10-20 degrees)

elevation angles as seen by the site in question. Velocity

errors at these points should exceed those at intermediate

points.

For the Tula Range Camp site, velocity errors in the

Cartesian set were about 4 ft/sec. in each direction for

the high velocity tracking point and about 2 ft/sec. in each

direction for the low elevation angle trajectory point.

It is expected that velocity accuracies determined with

respect to the other FPS-16 sites at White Sands would

approximate the values obtained for the Tula Range Camp

and C Station sites.
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Flame attenuation effects were not explicitly considered

and these effects may rule out the use of the C Station

site, but the Tula Range Camp site will certainly be good

enough for backup guidance purposes.

5. Vehicle.System Operation

Study effort has been devoted to the GEN system operation during both

powered flight and free flight. Abort capability syitemi'6perational sched-

ule.anduantenna criteria have "been Aef. diun d Vae.discussed below.

a. Abort Capability - Recovery of the GEK test item is highly desirable

for both normal and abnormal vehicle behaviour. At the same time,

the scope of the program is such that abort systems of the

comnplexity and size of those used for manned space programs, for

example, are not warranted. Consequently, it is felt that all

aborts should be ground ccmnanded and that the vehicle should

contain no specific abort instrumentation nor abort propulsion.

The abort commands will depend on the particular test vehicle

fault. A command guidance system is tentatively planned as an

override in case of minor vehicle deviations, but certain vehicle

failures, such as engine ignition failure or control system failure

will lead directly to abort procedures. The following abort

sequences are considered possible.

(1) First Stage Fire, Second Sta1ge Misfire, Under Control

Separate re-entry vehicle from second stage and go through

normal recovery sequence. Such an abort condition will

involve re-entry at higher than normal velocities and

accelerations, but the re-entry heat cap and insulation

will be designed to withstand the environment.

(2) First Stage Fire, Second Stage Fire, Second Stage Out of Control

Terminate thrust, turn off all control, separate the re-entry

vehicle and attempt the normal recovery sequence. Since the

control system failure may be in components in the re-entry

vehicle, it is deemed wiser not to attempt re-entry vehicle

control. The tumbling re-entry vehicle will stabilize,

- 13 -



though probably not in roll. The parachute system

will be designed to deploy successfully under these

circumstances.

(3) First Stage Fire, Out of Control

Thrust terminate the first stage (via destruct charge),

prevent second stage ignition, attempt separation and

recovery sequence. This attempt may not be successful

depending on the nature and time of the failure.

System layout must incorporate provisions to accomplish the

above sequences and further discussion with WSMR is required to

insure that such abort procedures are compatible with range

safety requirements.

b. System Operational Schedule - Based upon the trajectory analysis,

the abort requirements, and FSV design, the following tentative

event schedule has been established for Program A and for abort.

Program B's schedule will be similar, the major differences will

be in time and altitude.

GEM -- "A" CONFIGUBATION

Event Schedule -- Normal Operation

Approx. Approx,
Event Initiated Time Alt.

Event By Sec. Ft.

Launch Ground Signal 0 I0M GL

Start Programmer Ground Signal 0 4000 GL

Control with Algol Ground Signal 0 4000 GL
System

Program pitch rate (1) Programmer 2 --

Program pitch rate (2) Programmer 10--

Program pitch rate (3) Programmer 50 --

Algol Separation Axial Accel. 60 230,000
(At near Burnout) (Near zero reading)

(Arm with Programner)

Nose Fairing Jettison Same signal as 60 230,000
Algol Separation

Assume Control with Same signal as 60 230,000
FSV System Algol Separation
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GD4 -- "A"l CONFiJaTIn (Cont'd)

Event Schedule -- Normal Operation

Approx. Approx.
Event Initiated Time Alt.

Event Sec . Ft.
Displace Algol 2 second timer 62 245,000

Set by Separtion Signal

Pershing Ignition Programmer 70 305,000

Assume Control with Programmer 70 305,000
Pershing System

Program Pitch Rate (4) Programmer 70 305,000

Program Pitch Rate (5) Programmer 112

Pershing Separation Axial Accel. 117 395,000
Open FSV Flaps
Assume Control with
FSV System

Displace Pershing 2 Second Timer Set 119 390,000
By Separation Signal

Turn off Pitch i Yaw Axial Accel. 182 150,000
Control on FSV (Arm with Programmer)

Deploy Drogue Chute j Barometric Switch 15,000
Drop Heat Cap (Arm with Programner)

Actuate Reefing Line Timer set by above i2,000
Cutters and deploy Barometric Switch
main parachute
cluster

Ground Commands -- Abort

Abort Condition A -- 2nd stage misfires

No ground commands needed

Abort Condition B -- 2nd stage out of control

1. Thrust terminate 2nd stage

2. Turn off all control

3. Separate FSV

Abort Condition C -- 1st stage out of control

1. Thrust terminate 1st stage -- destruct charge

2. Turn off all control

3. Cancel Pershing displacement rockets, ignition signal and
all separation signals

4. Separate Algol Try to give these signals

5. Separate FSV ( near vehicle apogee
6. Deploy parachute at 15,000' (may occur automatically depending on

abort condition)
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6. Antenna Requirements

Four antenna systems for the GN vehicle are under study. 7he

following general characteristics have been determined from the

limited data available to date.

a. Fadar Tracking Beacon

(1) Frequency: 5500 mc, C-band

(2) Tape: Flush mounted traveling wave or phased slots

(3) Coverage: LA1 00 to 900

IA2 -300 to +1300
(4) Polarization: Linear (vertical or horizontal)

b. Command Destruct System

() Frequency: 465 mc, Lp-band

(2) Type: Scimitar or loop elements phased for turnstile array

(3) Coverage: Omnidirectional

(4) Polarization: RHCP aft

(5) Gain: 0 db

c. Telemetry

(1) Frequency: 2200 mc, Sc-band

(2) Type: Phased slots diplexed for both Pl4/M and FM/FM

telemetry

(3) Coverage: IA) 00 to 900

LA2 150 to 1050

(assumed receiver location at King 1)

(4) Polarization: Linear

d. Interferometer Tracking

(1) Frequency: X-bnad

(2) Type: Single horn

(3) Coverage: Approximately 1300 in 0 and 900 in 0
(4) Polarizatia: Linear

The above antennas represent a first approximation to the requirements

of the GEM vehicle. A large change in these general antenna character-

istics is not anticipated. However further studies are under way
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to determine more specific data on which antenna design

may be based. Among these:studies -:are:t.:

a. A computer program to determine IAl, IA2, and slant range as

a function of time from C-Station) King 1 and Phillips Hill

to determine exact coverage.

b. A power budget study of each system's r.f. link to determine

gain requirements and signal margins.

c. Interferometer vs. trajectory geometry and phase stability

requirements for the airborne tracking antenna.

Early power budget calculations for both telemetry and command

destruct systems have been made and signal margins of 8 - 14 db for

the telemetry and 50 - 60 db for the command system are anticipated

with the assumed antennas.
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PROGRAM IA EVENT SCHEDULE

EVENT TIME (soc) ALTITUDE (ft)

1. Launch 0.0 4.000

2. First Stage
Burnout,
Separation,
jettison Fairing 60. 0 225,000

3. First Stage

Displacement 62.0 240.000
4. ignite second

(eo stage 70.0 300,000
t. Apogee 102.0 420,000I ' ; )6. Second Stage

! I Burnout,
-"-- Separation,

(flaps extend) 117.0 396, 000

7. Displace ndSecond Stage 119.0 4.000

8. Re-entry 148.0 300,000

9. Deploy Drogue
Chute 279,.0 15, 000

CO10. Deploy main
chute cluster 289. 0 13, 600

1f. Impact and
recover 900.0 4.000

® I

FIGURE 1
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O'ROORAM I EVENT SCHEDULE

3VENT TIMl(sec) ALTITUDE (ft)

1. launch 0.0 4,000.
2. First Stage

g ) burnout,

Separation
jettison raiting 60.0 225, 000

3. Displacement

'iast tage 62.0 940,000
C. Coat

S. Apope 31.0 11921000

%dial 6. nit* second
-. second Mte

Burnout, 55.05,00CIseparation 650, O S30, 000
r" .;S. Displace

Second Stage 512.0 533, 000
9. Re-entry 723.0 300, 000

1 0. Deploy Drogue
Chute 849.0 15, 000

€- 11. Deploy main
chut cluster 859. 0 13, 600

12. Impact ad
recover 1259. 0 4,.000

FIG=R 2
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C. Analysis Requirements Effort

1. Establishment of error coefficient recovery requirement was

accomplished in Appendix 3, Reference 6. Based upon such.

a requirement, study of the tracking system, error analysis

programs and internal data monitoring (telemetry) was extended,

the results of which are discussed below.

2. External Data Requirements

a. Further study was applied towards the establishment of a

GEM Ground Tracking System Criteria. (Appendix 4 of

Reference (6) was reviewed and corrected, the resulting

comments being attached in Appendix 2.)

The available documents on the accuracy and system speci-

fications on accurate tracking systems were studied. The

systems include Azusa, G.E. Mod III, Mistram, and the STL
advanced guidance system study. The advanced guidance

system study as reported in Reference (5) and (9) is par-
ticularly applicable to the study of very accurate tracking

systems.

Two factors which seriously limit the accuracy of most

tracking systems are the survey accuracy and the baseline

length. An analytical discussion of these factors is given

in Appendix 2 and a suunary is given below.

(1) Suve
Considering the time element and presently available

equipment, the best survey of White Sands would be

achieved by the Coast and Geodetic Service with a

probable accuracy of 2 parts per million in both

length and angle. If all portions of the tracking

system and the launch point are tied together with

this accuracy, the resulting errors in azimuth A, and

elevation E, will vary between 2.5 and 5 ppm over most

of the GD! trajectory. The errors in azimuth rate and

elevation rate will vary from 5 to 10 ppm of the

angular rate.
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Surve (Continue)

These errors are most serious during the period of highest

velocity which would occur at the end of the first stage of

the GD( trajectory. A typical point during the early portion

of the trajectory may have the following parametric values:

E * 450 .03 radians/sec

R 150OOO ft. k =4000 ft/sec

Under these conditions the errors in A, E, A and E, with the

2 ppm survey, may be expected to be 2.5 microradians in

angle and .15 microradians/second in angular rates. This

will give rise to the errors AgR and A iR of .01 ft/sec

and .025 ft/sec respectively in each of two lateral directions

perpendicular to the range direction. On a delayed thrust -

GD( trajectory, the AeR term could attain a value of .025

ft/sec to .05 ft/sec at maximum range.

The above figures are order of magnitude numbers assuming in-

dependent survey errors and an average rms value. It can be

anticipated, then, that the best possible survey will probably

result in errors up to .025 ft/sec over the portion of the GBD

trajectory where the velocities are high. Over a large portion

of the standard GD( flight however, the velocities are low so

that these errors would be insignificant.

(2) Baseline L th equirements

Three error sources that are functions of baseline length were

considered, viz., survey, propagation, range differences and

range rate differences.

The survey errors considered here were uncertainties in

placement of the phase center of a receiving system with

respect to an accurately surveyed benchmark. A reasonable

figure for the accuracy of stable placement of the phase center

of a receiving antenna appears to be .01 foot (1/8 inch). If

the effect of this placement error is not to propagate into the

overall survey accuracy, the error should be kept to less than

one part per million of the baseline length. This indicates

the baseline length should be at least 10,000 feet based on the

.01 foot placement error.
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The propagation error considered is due to atmospheric noise

caused by the motion, with respect to the line of sight, of

a non-homogeneous atmosphere. The value attributed to this

effect was assumed to be about 1/3 of the magnitude measured

at Maui. Based on this assumption, and a 10,000 foot base-
line, atmospheric noise will cause an angular error of about
1 microradian over most of the GEK trajectory. Assuming a

J cps cutoff filter is applied to the velocity data, the

angular rate error for the same conditions will amount to

about .1 microradians/sec.

For the standard GEM trajectory this could give rise to

velocity errors of .05 ft/sec and on the delayed thrust GE

trajectory, .1 ft/sec. For long baselines, the atmospheric

noise is inversely proportional to the product of baseline

length and the square root of the averaging time. If the

filtering is to be kept to a minimum to preserve response,

then the baseline will have to be about 50,000 feet to reduce

the atmospheric noise to .02 ft/sec over the delayed thrust

GEN trajectory.

The third baseline dependent factor considered was the effect

of limitations in the accuracy of measuring range differences

and range rate differences. Although not as well documented

as the preceding baseline length effects, studies of existing

and proposed systems suggest that for long baseline interfero-

meter systems, the limiting accuracy in the measurement of

range difference and range difference rate with limited

filtering, appears to be about .01 ft. for range differences

and .001 ft/sec for range difference rates.

These errors propagate into an angular error which can be

approximated by dividing the difference error by the base-

line. Thus, for a 10,000 ft. baseline the angular errors

due to the above difference measurement errors would be about

1 microradian and .1 microradian per second. This error is
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the same order of magnitude as that due to the assumed effects

of propagation at White Sands and, therefore, the same con-

clusions hold as to baseline requirements.

From the above considerations, it appears that a 10,000 ft.

baseline would be marginal to meet the GEK accuracy require-

ments and baseline lengths of 50,000 ft. or over would be

desirable.

(3) Ballistic Cameras

One of the difficulties encountered with the use of very

long baselines is calibration of the baseline measurements.

For GIN, one or more strobe lights will be carried in order

to obtain an accurate calibration point. A very accurate

ballistic camera net will be required for this purpose and

will consist of three or more 600 mm focal length ballistic

cameras, located by the most accurate survey possible in a

geometry selected to optimize the accuracy for the GED

trajectory.

If the B.C. plate can be read to 3 microns, which is optimistic,

the resulting angular error will be about 5 parts per million.

If this accuracy is to be attained, the highest possible data

reduction quality will have to be obtained in the reading of

the B.C. plates.

For ballistic camera data to be an integral part of the GEN

tracking scheme, it is most important that rapid reduction of

B.C. data be provided by the use of semi-automatic plate reading

equipment. ollowing a flight, a maximum time delay of three

days is allowable for the delivery of reduced B.C. data in order

to effect the timely processing of external data and complete

the guidance system analysis prior to the next GIN flight.

(1) Conclusions

The following items represent some tentative conclusions as to

the characteristics of the tracking system needed to achieve

the GEN accuracy requirements:

(a) The tracking system should be composed of at least three

stations operating coherently with a single transmitter
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and transponder so as to form an interferometer system

with long, perpendicular baselines separating the stations.

(b) Range rates and range rate differences should be obtained

from an X-band carrier frequency.

(c) The system could measure both position and velocity or,

as an alternate, rate only. In order to use a rate only

system, the probability of obtaining accurate ballistic

camera data must be high and the probability of more than

a mementary loss of signal must be very low.

(d) A ballistic camera net composed of 3 or more 600 mm

focal length cameras will be needed.

(e) An extremely accurate survey will be required to tie

together the tracking system stations, the ballistic

camera sites and the launch point.

(f) Four of the factors that must be considered in selecting

tracking sites are:

1. Accuracy optimization by insuring a minimum geometric

dilution of precision over the GEM trajectories.

2. Avoidance of the flae by programing the look angle

with respect to the roll axis to be greater than 15

degrees.

3. Compaability with a single airborne antenna which

has acceptable signal strength and phase variation

characteristics.

1. Compatability with survey requirements.

(g) High gain, X-band antennas will be required at each station

in order to attain accurate tracking at the lowest possible

elevation angle. Even with this requirement fulfilled, the

accurate tracking system will not be able to cover the first

2 - 4 miles of the near vertical trajectory (approximately

the first 15 seconds). As can be seen from the error curves

of Appendix 3 of the first monthly progress report, this

does not appear to be a serious limitation but the necessity

of an early launch phase cystem will be further investigated.
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(h) In order to achieve the necessary accuracy in the external

tracking system, special calibration schemes must be im-

plemented to determine the tracking system error model.

In this regard, an elaborate data reduction program will

be required to accept this calibration information for

correction of the external data and should be included

in the specification of the final data plan.

b. Effort was completed on the survey of the SHAFB existing

facilities:

(1) The White Sands Missile Range tracking capabilities were

surveyed as to their applicability for use on the GEK program.

The results of this survey are included in Appendix 3. The

major emphasis of this study was placed on the ANE (angle

measuring equipment), DIE (distance measuring equipment), and

proposed Doppler.

(2) An error budget for the AM/DMDoppler (Integrated Tracking:

System - ITS) configuration was prepared. Only a limited

estimation of equipment errors are included since a thorough

analysis of these errors is not available at this time. Erors

caused by tropospheric and ionospheric propagation uncertainties,

flame effects survey errors, and calibration errors are discussed.

The ITS accuracy is largely limited by the relatively short

baselines and/or low frequencies employed by the AM/DbDoppler

system. Tracking accuracies of .05 ft/sec. or better in the

range rate and lateral rate directions are required for the GEU

program. At altitudes of moderate to large ionospheric dis-

turbances, the probably accuracy that can be accomplished with

the AXN/DKE/Doppler system is a 1 Q error on the order of * ft/sec.

in both range rate and the lateral rate directions.

c* Based upon the survey of the WSER complex and the tracking accuracy

requirements imposed by the GIN system, it is concluded that none of

the systems presently available at WSW (with the exception of the

BDallistic Camera System) can be used as the primary tracking system.
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Most of the problems external to the equipment, which cause ex-

cessive errors, are baseline and/or frequency dependent. The

Ballistic Cameras in' conjunction with airborne strobe lights, will

be used to provide calibration points during coast periods. It is

also considered advisable to employ the ITS as a backup tracking

system since it is currently within the WSMR range planning program.

However, it is to be emphasized that the ITS cannot fulfill the

requirement of a primary data source.

d. Initial study of the Preliminary TAyout of a Pros Ground

Tracking System covered several areas:

(1) Flame Attenuation

ELectromagnetic effects of the rocket exhaust have been con-

sidered in connection with telemetry and tracking. While the

effect of greatest importance, with respect to telemetry, is

attenuation, variable phase shifts caused by the ionized exhaust

is of greater importance with respect to tracking, since variable
phase shifts induce a velocity error.

Flame effects of the GEK missile were studied in order to
determine the criteria for r.f. frequency, look angles and

antenna patterns necessary to minimize velocity errors. Pre-

liminary conclusions reached were:
Frequency - X Band

Min. Iook Angle - 15 fro Boll Axis
Antenna Pattern - Main lobe - 450 minimum

between half power points
in a plane at rigft angles
to roll axis - 90 points
in a plane including roll
axis. Null from exhaust
end of roll axis to 150.

These results may be modified as better information is integrated

into continuing studies.
(2) Determination of the Airborne Antenna Requirements was initiated

by defining some preliminary considerations. As the study of
the tracking system requirements and layout is in the early
stages, it is extremely difficult to specify any tracking system
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airborne transponder requirements. However, to insure some

antenna study progress, initial estimates of the antenna

parameters were established. The following antennas and

frequencies are being considered:

1. Telemetry (FM/FM and PCH/FM)-2200 MC (dictated
by antenna size)

2. Command Receiver - 409 MC - (assigned by WSW)

3. C Band Beacon - 5500 MC - (assigned by WS4R)

In order to initiate the study of a transponder antenna, the

following tracking system is considered to be an acceptable
model of the final system. The primary constraints considered

were flame attenuation, baseline length, Phase I A trajectory

and the desirability of a single antenna. Te following

parametric values were assumed:

(a) Baseline length of 100,000 feet

(b) Three tracking stations in an L form

(c) Flame cone to be avoided 150 off missile center line

(d) The maximum ground radius of the flame occurs near

1st stage burnout and results in a circular ground area

to be avoided having a diameter of 100,000 feet, centered

under the 1st stage burnout point or 5 miles down range.

(e) The radius of 100,000 feet provides a margin of safety

and reduces the required antenna beam width.

With these considerations, one possible tracking system geometry,

with launch point and ground flame area, is shown below:

Flame Cone
Ground Area

A, B, C represents Tracking
Stations.
D represents 1st Stage B.0.
E represents Launch A ,
1oint

3130

B



The following antenna requirements must be met to accomlish

accurate GB( tracking using the above configuration:

(a) Frequency - X band about 9 XHO

(b) Beam width about the roll axis - greater than 1300

(c) Shape of antenna beam about pitch axis - null about

12 o from roll axis with minimum transmission inside 120,

about 900 beam width extending from 150 to 1050.

(d) Phase shifts must be kept to a minimum across the in

beam. Phase shifts changes should not exceed 18/Dec.

since the look angle to the sites sweep through the

area of the mainbeum during the flight.

The exact location of the tracking system is not fixed and

the above example is only for the purpose of determinin the

antenna problem anticipated in this general situation. Te

antenna properties listed above represent typical requirements

for a final system.

In addition to the above antenna, it is advisable to plan the

use of a backup tracking system, viz. - the ITS presently avail-

able at Wite Sands with an add1tional antenna at 210-300 mc.

Since the ITS station will generally be north of the trajectory

a single broad beam antenna should suffice.

It will also be necessary to carry strobe lights for the

ballistic cameras and, in order to obtain the best geemetry,

it would be desirable to surround the ground projection point

of the vertical trajectory with ballistic cmeras. be cmeras

will be removed as far as possible from the trajectory plan

which may require two lights in parallel on opposite sides of

the missile.

3. Ebtablishment of the Internal Data Requirement

a. The monitoring of internal GE data can be divided into two

general areas - pre-flight operation and air-borne operation.

The former will be monitored via AGE recorders and will be

discussed elsewhere. The air-borne operation will be monitored

via an air-borne telemetry system, the detailed requirements of

which will be discussed below.
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b. The GO( air-borne data requirement may be further subdivided

into two classes - vehicle data and test-item data:

(1) Vehicle Data - These data will be a requirement for

the early phase of the GEI flight program to aid in

vehicle development, A/B trouble isolation and GU4

performance analysis. The data requirements quite

probably will vary from flight to flight and will be

of a low frequency, qualitative nature.

(2) Test Item Data - These data are required to accomplish

qualitative and quantitative analysis of test item

performance.

c. To estimate the required telemeter capacity, it is necessary

to establish a generalized measurement list for each of the

above two classes. A list of the measurements, with a des-

cription of each, is given below:

(1) Test Item
(a) Functional - These signals describe test item opera-

tion and are comprised of torquing functions, gyro

and. accelerometer pickoff signals, caging currents,

intermediate servo loop voltages and power supplies.

For the most part it can be said that these signals

represent qualitative monitors only, as opposed to

precision data references, so the accuracy require-

ments are not unusually high.

(b) Guidance Sensor Outputs - This type of function will

yield important data since it represents the prime
input to the error analysis program. As far as the
various guidance systems are concerned, these data

will be the most variable as to type. String frequencies,

pulse frequencies, sawtooth ramp frequency and position,

and code wheels are but a few of the types already under

test. Generally, this signal is quantized at about .1

ft/sec/pulse (scale factor). The level may possibly be

too coarse for the error analysis requirements which

could require at least .01 ft/sec/bit. Computation of
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accelerometer bias, for example may require special

provisions to obtain this information, particularly

during low accelerometer output periods.

(c) Computer Words - Word length, bit rates and sync

pattern will be varied over a large range, depending

upon the style and format of the airborne computer

used in the system undergoing test. The telemetry

system must have the capacity to monitor the full

range of computer outputs.

(d) Vibration Measurements - To provide complete infor-

mation concerning the acceleration enviromnent,

vibration measurements must be made at the inertial

sensor inputs. Such measurements will normally be

made along three orthogonal axes and the transducers

used must be accurate in the low frequency region

(5 to 10 CPs).

(2) Test Item Measurement List

The following generalized measurement list reflects the re-

quirements of guidance system monitoring as discussed above:

Measurement Type Quantity R e Freg. Response (CPS)

1. Power Voltages 10 0 - t VDC 1
2. Temperatures 6 to 10 50-1500 F 1/2

3. Vibration 3 to 6 t 20 G's 660
(1200 & lower
(2000

4. Inertial Accel- 3 to 6 (Square wave to be sampled at
erometer Output 61400 BPS & 3200 SPS (Require-

ment will vary)
5. Servo Voltages 6 t 20 VDC 20

6. Pick off Signals 6 to 10 7 VCHS($uppressed 20
carrier modulated
4.8 KC)

7. Caging Functions 2 20 VDC 20

8. Torquing Signals 4 Determine Pulse 20 CPS
Tme

9. Computer Words 50 24 Bit words 4O0 KC
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(3) Vehicle Meaurements
The exact character of these measurements cannot

be firmly established at this time since they depend

upon the test objectives of the initial G4 vehicle

flight tests. These objectives wil be determined

by the vehicle, engine, structure and control system

designers. A general vehicle measurement list has

been developed, as shown below, to serve as a guide

in the establishment of the technical design criteria.

(&) Vehicle Measurement List

Fm/WI Telemetry

Measurement Qasntity Intelligence Range
Freq. C.P.S.

Vibration 6 1200 + 20 G's

Temperature 10 .05 50 - 150OF

Strains 8 220

Eents - Mtr.
Ignition, Separa- 4-6 Switching
tion, Etc. (Discrete)

tr. Chamber 2 160 0-OVDC
Pressures
Power Supply 1 1.0 0-20VDC

Vehicle
Accelerations 1 20 + 1OVDC

Vehicle 3 25 0-5VDC
Attitude

Control System
Parameters, Vane 16 1-2 0-10VDC
Positions

Confirmation of 1 1-2 0-5 VDC
Signal Receptions

d. Based upon the above internal data requirement, study

effort was initiated to establish a Telemetr Design

Criteria. The telemeter requirements can be satisfied

by utilizing two distinct systems, namely, PCFM (Pulse

Code Modulation) and FM/FM (Frequency Modulation). This

decision is based on extensive experience in field testing,
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GEI error analysis requirements, and anticipated re-

quirements of future guidance systems. Such an arrange-

ment would generally use the PCI/FM system to monitor

the guidance test item and AI system to monitor vehicle

functions.
(i)

The establishment of a design criteria for a suitable

FM/FM telemetry link for the GUI concept should be

straight forward. The three basic requirements of

any system of instrumentation are:

(a) The recorded data must be a faithful repro-

duction of the variable quantities being measured.

(b) The record must be unaffected by and independent

of all other variables to which the system may

be subjected, whatever their nature or origin.

(c) The measuring device must impose negligible load

upon the variable quantity of the measurement.

At present, the instrumentation market offers a wide

selection of small, rugged, solid state, system com-

ponents that easily fulfill the above requirements.

In addition, at least two instrumentation systems

companies have qualified complete VEF systems (215-260

MC) that would, with certain minor modifications, be

compatible with the GUI system.

Therefore, it remains the task of the instrumentation

system designer to choose a proper combination of

components or a complete system to meet the require-

ments of a specific application.

In the case of the GUI MF/M T/M subsystem, special

consideration must be given to the RF transmission

system. The GUI antenna designer requires an RF

carrier within the 2.2 to 2.3 KMC band, due to size

limitations of the airborne antenna with respect to

the missile overall size. This limitation will impose

a trade-off between antenna size and transmitter size

and complexity. This is brought about by the fact
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that the 2.2 to 2.3 KMC band has only recently been

allocated for F/M transmission and development of

transmitters at these frequencies is still at an

early stage.

Investigation into the problem has yielded tentative

specifications and costs from two sources which for

all practical purposes, are identical. In general,

the transmitters are designed around individual

customer specifications in regard to RF power out,

shape, cooling, and environmental conditions. The

basic system consists of a standard VID T/M transmitter

(215 to 260 MC) used as an exciter. The output of the

exciter is multiplied by a series of VIF cavities and

amplifiers up to the 2.2 KMC band. The stability and

FM characteristics of the transmitter are determined

by the VHF exciter. It will be necessary to pressurize

the package due to voltage levels and operating alti-

tude.

Tentative specifications are:

Frequency stability 0.005%

Modulation frequency 20 cps to 100 KC

Power output 5 watts

Efficiency 5%

Power required 28 VDC 3.7 amps.

Weight 11 pounds pressurized
including power supply

Size 7" x 7" x 5"

Temperature -55°C to + 900C
Vibration lOg 0-500 cps

15g 500-2000 cps

Delivery 90 days (depends on
qualifying required)

A unique telemetry transmitter has been developed for the

2.2 KMC band. The unit is basically an all solid state,

phase modulated, design, employing high efficiency frequency

multiplier stages converting power at 94 XE (crystal oscillator)

into power in the 2.2 KMC telemetry band.
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This transmitter offers several significant advantages

over other available hardware, Slg. . weight, less than

30 oz., mall size, and low power consumption. On the

other hand, this system to date has only been bench

qualified electrically. Considerable development effort

will be required to package and test qualify to meet the

GE environmental conditions.

In su nary, the FFM/ design criteria will be based on

the following requirements:

RF carrier frequency 2.2 - 2.3 KNC

RF Power out 3 - 5 watts

Subcarrier channels 10 channel. Z channel
commutated (channel fre-
quency assignment to be
determined when measure-
ment list is firmed)

In-flight calibration Not required

Weight 21 pounds (including power
supplies, transmitter, and
commutator)

(2) PKF
Pulse Code Modulation Telemetry is the most suitable

choice for a guidance monitoring instrumentation sub-

system for the recoverable GEN vehicle. Such technique

is essentially mandatory when one considers the vast

quantity of digital data that characterizes current and

future guidance components. Further, it is the simplest

type of transmission and provides a relatively noise free

signal due to its basic on-off characteristics, and is

especially worthwhile since the output signal may be

readily applied to a magnetic tape record.

However, as contrasted to the more common frequency systems

of telemetry, PCN systems and components at the present

time are usually tailored to a specific instrumentation

application. This confronts the instrumentation system

designer with the problem of not having available a wide

variety of standard and/or shelf item systems and com-

ponents as is the case with frequency systems.
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A preliminary Investigation and survey of existing systems

and the overall market has indicated that it will be possible

to build a P04 subsystem for GEN using modified existing

components or systems.

It is proposed to use an BF carrier frequency within the 2.2

to 2.3 GM band. As with the FM/FM subsystem previously

described, a similar transmitter must be used in the PO(

subsystem keyed on or off by the coder converter.

It is anticipated that prime telemetry effort wil be spent

establishing the design criteria for a PCM/I subsystem.

4. Determination of Analysis Technique for Optimizin Information

Recovery

a. Simulation Program

The simulation program w1l be operational by January 29, 1962

with the exception of the addition of telemetry noise. Some modi-

fications have been made since the documentation in Reference (6).

The loop in the flow diagram that simulates the radar error and

noise wil be designed to handle other systems in addition to

Nistrami, t a cruciform base line system and FPS-16 systems.
The filter program, as utilized in the simulation, requires data

inputs at equal time intervals. In order to circumvent an inter-

polation routine prior to entering the filter program, constant

integration steps are being used in the N-stage trajectory com-

putation program. The use of small integration steps, in order to

increase the number of data points to correspond to the real

situation, could lead to problems in round-off error propagation.

This phenomenon is being investigated and., if the analysis reveals

a limit, incompatible with the simulation requirements, an inter-

polation routine will probably be utilized.

The correlation coefficient program has been exercised on the
trajectory described in Appendix 4. This preliminary result

points up the desirability of the positive and negative thrust

phases but, at the same time, accentuates the need for an accurate

accelerometer scale factor and bias determination on a pre-flight

calibration. The graphs at the end of this section represent a

running time history of the cross correlation between four terms

in the accelerometer error model, . 1,-j (tk) represents the

correlation between ? and on the interval 0 -" t ! tk.
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It should be emphasized that this only represents a

preliminary result and further correlation studies

will be performed. Due to the importance of this

study and other aspects of the simulation program,

interim reports will be issued to keep the study

progress documented and up to date.

b. An analytical discussion of platform orientation

for gyro coefficient determination is included in

Appendix 11. The study covers one particular plat-

form and points up the cross coupling problems that

will occur in the data analysis for this platform

configuration.

D. Test Item Requirements

The weight and size constraints that a test item must meet, in

order to be accomodated on the GEM test vehicle, are discussed in

Appendix 9. Rvironmental conditions such as temperature limits,

shock impulses, vibration and acoustic pressure are also reviewed.

Based upon the requirements of present inertial and stellar-inertial

systems, umbilical and access requirements are delineated.

In addition, a general listing of components and sub-systems that

will be required for aligmuent, erection, stabilization and calibra-

tion is given in Appendix 10.
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IlI. ACTUAL PROGESS VERSUS PLAMW PROGRESS

The second month's effort has yielded anticipated progress in

almost all areas as reference to Appendix 1 will indicate. The

firm establishment of the trajectory program details has pro-

vided sufficient criteria to proceed with tracking system

planning, aerodynamic/thermodynamic studies, and control system

design.

Some few areas of effort have not reached the level of progress

anticipated by the task layout for the end of the second month.

The simulation program has been plagued by lack of computer

priority; however, this is a management problem which has been

alleviated and the program will be operational by late January.

The transponder antenna study has been hampered by non-availability

of tracking criteria and a tracking system layout. Such a situation
cannot be completely alleviated in such a study effort as obviously

all engineering can not proceed concurrently. A similar situation

exists in the computation of FSV weights and centers of gravity

since they are dependent upon the selection of the various com-

ponents within the FSV. The final dispersion studies are paced
by the weights, and center of gravity determination.

Although the above slow areas are critical to the final study

completion, the situation will be overcome by concerted final

month's effort to tie together all study segments. Such concen-

tration of effort was anticipated by the task organization and is

no cause for alarm.
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IV. POSSIBLE SOURCES OF DEEAY TO THE STUDY PROGRAM

Those possible sources of delay discussed in the first month's

report have been dispensed with and no longer pose a problem.

It appears at this time that no forseeable study delay sources

exist other than within the task organization. If these do

become critical, they will be resolved.
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APPENDIX 2

GROUND TRACKING SYSTEM CRITERIA

A. CORRECTION AND CIARIFICATION OF THE TRACKING SYSTEM ACCURACY STUDY

Appendix 4 of Reference 6 has an error in the equation at the bottom of

the first page (page 29 of the Progress Report). The equation is not complete

and should read:
-('6R + R;&e)2 + (&R; + R'G +

This adds the term R4A0, an error in the range rate direction, but does

not add a new error source since A@ has been considered in the last half of

the equation. If the RiAQ error were large however, it would result in a

reduction of the maximum allowable A. On Page 31, (R6)max. was realistically

assumed to be V max/2 or 5,000 ft/sec. and, on page 33, Agmax. was limited to

2 x 10 . radians, Under these conditions, (RiA ) would have a maximum value

of 1 x 10 - 2 ft/sec. Assuming AR and A @ are independent errors and using RMS

addition, the error in the k direction would increase from 0.02 ft/sec to 0.022

ft/sec. The addition of this term does not have a significant effect on the

preliminary considerations for GEM trajectories. It should be noted that the

analysis developed in Appendix 3 of the Monthly Progress Report No. 1 did in-

clude this term.

Throughout the discussion of the errors in measured parameters, an average

value of AV or is implied, _ A@, AG, AR and AR are assumed to be

error sources with zero mean and standard deviation given by the A's.

Statistical independence of the error sources is assumed and rms addition

of the individual variances may be used to obtain the total variance, since

covariances between error sources are zero under this assumption.

Certain favorable geometric considerations of the GiM trajectory were not

incorporated in the preliminary study leading to a pessimistic estimate of the

error arising from certain terms. The net effect of these errors would be

reduced, by perhaps a factor of 2, when one considers that the velocity is

minimal when range is maximal and angular rates are maximal in the early portion

of the flight. Furthermore, the values used in the analysis are larger than

would be encountered on the GE trajectory described in Appendix 7. Consequently,

under the impact of these errors, the system would provide a velocity with an

accuracy of from 0.005 to 0.02 ft/sec in all directions of interest for inertial

guidance evaluation.
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It should be understood that this preliminary study was directed at

only those error sources which are directly specified in the basic measure-

ment equations. The error sources considered were:

(1) Equipment phase shifts vs. ranging frequency.

(2) Velocity of light uncertainties.

(3) Frequency uncertainty.

(4) Frequency measurement accuracy and equipment frequency shifts.

(5) Short term stabilities.

(6) Minimum baseline requirements vs. phase stability of angle
measuring equipment.

(7) Difference frequency measurement requirements.

(8) Survey accuracy.

Error sources which are expected in an accurate tracking system but

which were not discussed directly include:

(1) Cpantization and roundoff errors.

(2) Mtipath.

(3) Dynamic response errors.

(4) Timing errors.

(5) Propagation errors.

(6) Calibration errors.

(7) Noise.

B. BASELINE REQIR EENTS

There are certain considerations which dictate the baseline length re-

quirements of an interferometer system in order to obtain a given accuracy.

The following paragraphs will discuss the most important factors and from

this discussion, conclude the requirements for the baseline lengths needed

for G3 accuracies.

1. Survey

The best survey, between benchmarks, will have an accuracy of about

2 parts per million in both distance and angular direction. The un-

certainty in the position of the receiving antenna, i.e., the phase center

of the antenna, with respect to the benchmarks must be considered and, in

order to keep this measurement from deteriorating the survey accuracy,

the uncertainty in the location of the phase center divided by the base-

line length should not exceed one part per million. If 0.01 feet is a

reasonable value for the accuracy in location and stabilization of the

phase center of the antenna with respect to a benchmark, a minimum base-

line of 10,000 feet is required.
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2. Propagation

Fluctuation of the index of refraction along the ray paths to a

missile, due to the motion of a nonhomogeneous atmosphere with respect

to the line of sight, will result in low frequency noise in the measure-

ment of the angle of arrival of the signal. This effect has been

measured at Maui, Hawaii and Colorado. A similar noise has been evidenced

in tracking systems at AMR. The noise in angular measurement is baseline

dependent and will result in angular and angular rate errors (see References

8 and 16).

If the baseline is 10,000 feet, the effective baseline is reduced

to 3,500 feet when the elevation angle of the line of sight is 200. For

an effective baseline of 3,500 ft., the average value of the Maui data

gives an rms angular error of about 5 microradians (Reference 2). The

atmosphere at Colorado may more nearly reflect that of White Sands,

consequently, an average error of 2 microradians would be more likely

with similar effective baseline conditions. The elevation angle will be

greater that 450 for most of the GEM flight and, with a 10,000 ft. baseline,

the average error may be anticipated as 1 microradian, an acceptable con-

dition for meeting GE1 requirements, except at very low elevation angles.

The effect of this atmospheric noise on angular rate errors is

dependent on both the baseline length and the smoothing time or averaging

time as discussed in the references. If the minimum cutoff frequency

allowable in the GEM data reduction is 1/2 cps, the averaging time appli-

cable to the Maui data is about 1 second.

For 1 second smoothing with an effective baseline length of 7,000

feet, the Maui data would indicate an rms angular rate error of about .25

microradians/second. At White Sands, this may be expected to be reduced

to about 0.1 microradians/second.

The magnitude of the noise is approximately proportional to the

inverse of the product of baseline length and the square root of the

smoothing time.

The angular rate errors will result in velocity errors normal to6

the line of sight and with magnitude RArms . At a range of 10 feet and

with a baseline of 10,000 ft, the error will have an rms magnitude of 0.1

ft/sec but, for the basic GDM trajectory, the range will not exceed 5 x 105

feet in which case the error would be 0.05 ft/sec. If it is desirable to

reduce this error to 0.025 ft/sec, at maximum range, a 20,000 ft. baseline

is necessary.
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3. Range Differences and Rne Rate Differences Accuracy

An error in the measurement of range differences and range rate

differences is related to an angular measurement and an angular rate

measurement respectively by:

(sin Q)b (sin 9)b
where b is the baseline length.

GE Mod III data, Mistram specifications and STL studies performed

in the Advanced Guidance System contract suggest that the limiting

accuracy inAD is about .01 ft. and that the limiting accuracy in AD

is about .001 ft/sec. These values give rise to angular error and

angular rate errors that are the same magnitude as the propagation

errors discussed above. Therefore, the conclusions concerning base-

line length, discussed in the propagation section, also apply here.

4. Conclusions

From the above discussion, it is apparent that the minimum baseline

acceptable is 10,000 ft. and that the above error sources will result in

lateral velocity errors of .1 ft/sec at a range of 1,000,000 ft. and

.05 ft/sec at the maximum range of the standard GEN trajectory. A base-

line of 20,000 ft. would reduce these errors to about .02 ft/sec on the

standard GEN trajectory and to about .05 ft/sec on the delayed thrust

trajectory.

C. INTERFEROMETRIC SYSTEK SURVE ERRORS

There are three types of errors which should be considered:

" Azimuth misalignment of baselines

. Error in length of baseline

b Horizontal plane (elevation) misalignment of baselines

1. Effect of Survey Errors on Measurement of Angles

Consider a system which measures z- cos c, m = cos P and R (azusa
coordinates).

a. If the azimuth of the baselines are misaligned by dA4 and DAm

for the . and m legs respectively, then the errors in %and m caused by

this misalignment are given by:

d,=m dAt .; dm: -dAm
If the measurements are calibrated at m0 and 0, then the

survey error after calibration is:

d, = (m - mo) dAj; d ( (1)
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b. If the theoretical baseline length is k and there is an error

of dk in the measurement of k, then the resulting errors in4 and m are

given by:

After zero set the errors are:

, !: (Z-e o )  Aj d : (m -mo) -. (2)
dg m m

c. For an error of dEA in the angle between the I leg and the
local horizontal and a similar error dE. for the m leg, the resulting

errors in 2 and m are:

dj s*sin EdE.; d --sin EdEm m
letting sin E = n and the calibrated value of sin E 0 n0, then the

post calibration error in t and m are:

dI u (n- n) dE.E; d : (n - no ) dE (3)

To transform errors in-& and m to errors in angle A and E,

consider the case when ,& contains the trajectory plane, then m f' 0 and
A: cos E

dE:d:___ .: - csc Ed 2  (4)
cos E

The errors in A and E caused by survey errors are given in

the following tables:

TABLE 2 - Without Zero Set

Azimuth Errors Length Errors Elevation Errors

dA dAm  ' 0 tan E dE
m ~dk

dE A0 ctn E dE E

TABLE 2 - With Zero Set

Azimuth Errors length Errors Elevation Errors

cos! dk Sin E - Sin E
dA (1 . o .- ) dAm (-coso)/c C°S E K ( cos E ) dE

m

(-Cos 0 ) Cos E - sin E 0 ) E
dEsin dAL sin E ) (- 0 E

srE -s-nE ktsinE R

-59 -



2. Effect of Survey Errors on the Measurement of Angular Rates

Fran the preceeding paragraph the velocity errors can be obtained as
follows:

a. Without Zero Set

From eqxations (1), (2) and (3)

m

-- cos E i dE dx =cosE dE (3')
21 m

From equations (4)

Ssin E (i
Cos E

sin E sin 2 E

(i) Azimuth Rate Errors

+ + in m (5)

+ [ + sin E(E) sin E dE
cos E

letting: .2=cos E m L 0

--=sin E(.) ,-cos E(i)
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Then

dir [tan E(E) - tan E(i)] dAm

+ + 0+1 I'm

+ [.+ tan E(i) I 

or:

cos E

(a) Elevation Rate Errors

Similar to preceeding paragraph:

dE= [- i + co ~)m]d
sin 2 E

E(E~ldk
+ - +

[ ~co E) E-iiE

+ ctn E(i) + coo n dE

and then:

d.j- [ctn E(i) +0 1 dA

+ [- ctn E(E) + ctn E(E) j dE
or.

=ctnE (i) dAy + k"- I(8
sin 2 E
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b. With Zero Set

dk
dA A --M+ d

{~ Cos E

+ sin EE dA -m - sin Eo  (9
,,2 E ,,. m km "]

i dk
dE = ctn E(A) dA + ' -

sin2 E

- os EE) [mo ~ - -+sn dl (10)

or:

m.sin E(E)] k
cos 2 E

+ 'sin E(i) n E

* C~~. CoB E()mE~) 0 OEE

Bin-2 E dA +lin2 E + sin E -k.+Isin E OB E(d)

0sin E idE (12)
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If the zero set is done near burnout by the use of ballistic camera

data, then there will be no position error near that point due to the

survey of the electronic systems but only that due to calibration. The

velocity error due to the electronic system survey errors is given by

the first terms of 5 and 7, i.e.:
-'dk

di tan E(i) dA +A m+EdE (3m m(

dkt.

dE2 otE() A~+ E... - ctn E(E) dE (14)

c. Conclusion

It can be seen from equations 6, 8, 13 and 14 that regardless of
calibration there is an error in the measurement of angular rates

that is proportional to the angular rate and is minimized when the

elevation angle E is 450 and can be approximated by

di 7 2i ds
where do is the survey error. Further, all errors are assumed to be un-

correlated and the following equalities holg dde -- •E ax - •
dsdE dE a dAY a dA 0 7m m 4~ k m

If the elevation angle is kept to within 700 to 200, the angular rate

error, with calibration, is approximately bounded by:

2Eds dE dAi. 4 Eds
Equations similar to 11 and 12 should be examined in detail once the

trajectory as well as the location, configuration and orientation of the

tracking system have been determined.

To aid in the grasp of the importance of these terms, an error in

the measurement of 0 (0 a A or E) will result in a velocity error at

the missile equal to RAi. If R is 200,000 ft. and the effect of RA6

is to be kept less than .02 ft/sec then Ai must be less than 10"/. If

the velocity normal to R is 2,000 ft/sec then 4 would be .01 radian/sec.

Further, if the survey error amounts to 2.5 x 1O"6 and E is near 20 degrees,

the Ae due to survey alone is 10"7 .
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APPENDIX

SURVEY OF WSMR/BH EXISTING FACILITIES

A. INTRODUCTION

A survey of the available tracking systems at White Sands with some

remarks as to the applicability of these systems to GEN was included in

last month's progress report (Reference 6). The following paragraphs will

discuss the anticipated accuracy of the White Sands systems to the extent

that available information will permit.

Before proceeding with this task, it would be well to restate the

required tracking system accuracy as derived in Reference 7. The Class II

requirements listed in Table 8 of this reference gives a requirement of

.05 ft/sec in the range and lateral directions. The approximate accuracy

needed, in tracking system coordinates, to meet the above requirements

are .02 to .05 ft/sec in range rate, 1 to.5 ft in range, 5 to 10 micro-

radians in angle, and .05 to .1 microradians/second in angular rate.

Some of the errors treated in this appendix, such as propagation

errors and survey errors, have been treated in detail in Appendix 2

and are discussed again here only for the sake of completeness.

B. ERRORS IN WHITE SANDS TRACKING SYSTEMS

It is difficult to talk in specific terms about the errors in the

White Sands ITS (Integrated Tracking System) because it is not a single

coherent system but a combination of at least three types of systems,

AME's, t)4E's, and a Doppler system, and, in addition, more than one of

each type may be included in the over-all ITS. Therefore, in order to

estimate the tracking system capability, a system will be selected which

appears to represent the best non-redundant system that can be achieved
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at White Sands. If then, two of these basic systems are used to track

the missile, it might be expected that the over-all error should be re-

duced by a factor of ), assuming equal geometric dilution of precision

for the two systems.

AME, IME, and Doppler

This system is assumed to be composed of one IKE (operating conti-

nuously rather than time sharing the beacon with other DKE's), one AnE

(operating on the ]ME carrier), and three coherent Doppler stations

situated so as to form an L with the center station near the EME-AME

site. In this system, the AME-UME is used to obtain position and the

Doppler receivers used to obtain three velocity components. Table 1

lists an estimated error budget for this system. The reasoning used to

obtain these estimates is given below:

(1) Equipment Errors

A detailed analysis of the equipment errors has not been

made available, therefore, the below estimates are based on

what little is known about the equipment errors and a few

general estimates.

AME - The only errors given by White Sands were 3 ppm

noise jitter and 2 ppm quantization. If phase shift

uncertainties amounted to 1 electrical degree, then an

additional error of 4 ppm would result in the angular

measurements. Therefore, a conservative estimate of RSS

equipment error is taken as 5 ppm.

INE - Quantization error was given as 1 foot. Assuming a

one electrical degree phase shift in the 480 kc ranging

frequency would cause an error of about 3 feet, an over-

all equipment error of 3 feet would probably be optimistic.
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Doppler (Range Rate) - White Sands gives an estimated

accuracy of .1 ft/sec.

Doppler (Range Rate Difference or Angular Rates) - These

errors are unknown except that they depend, among other

things, on the basic Doppler oscillator stability, on the

distance between the stations, on the stability of the

connection between the stations over which the oscillator

frequency is transmitted, and on the accuracy of the timing

and data recording.

(2) Troposphoric Propagation

The errors due to tropospheric propagation are based on

the tests performed at Maui, Hawaii, as reported in Reference 8.

AME - The Maui data shows that for baselines of 460 feet,

the average value of rms angular errors due to tropospheric

noise was about 21 microradians. At White Sands, the

atmosphere may be less critical than at Maui, therefore,

an average value of 7 microradians will be assumed. This

value will increase as the effective baseline is reduced

at low elevation angles, e.g., at an elevation angle of

300, the effective baseline length would be 230 feet and

the expected atmospheric noise would be about 10 micro-

radians.

ME - With a calibration of the ground index of refraction

within an hour or so of launch, the error in the range

correction should be no greater than 1 to 2 feet.

Doppler (Range Rate) - The Maui data shows that errors in

range rate should be no greater than .005 ft/second.
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Doppler (Range Rate Differences or Angular Rate) - This

error is unknown for the hypothesized system but the

cause and magnitude of this type error is discussed in

Appendix 2. If the baseline length between coherent

Doppler receivers were known, the error could be estimated.

(3) Ionospheric Propagation Errors

Ionospheric propagation errors were based on material

contained in References 10 and 11. An altitude of 100 nauti-

cal miles and an elevation angle of about 650 were used to

obtain the estimate. This is slightly higher than the Phase 1A

trajectory apogee and it is about one-half of the Phase lB

trajectory. An average figure between day and night effects

was used since the daytime effects will be about twice the

given values and the nighttime effects are expected to be

about one-half the given values. Ionospheric errors are

inversely proportional to the square of the frequency and a

frequency of 300 mc was used for the estimate.

(4) Survey Errors

The best survey accuracy presently available at White

Sands is about 5 ppm. This error will affect both angle and

angular rate errors but will not affect range or range rate

measurements.

UfE - In addition to the above benchmark survey accuracy,

there will be an effective survey error due to the error

in stable placement of the receiving phase centers of the

system with respect to the benchmarks (see Appendix 2).

It is estimated that the placement error could be kept to

within .01 foot (1/8 inch). For the 460-foot baseline
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length of the AME, this would cause an apparent survey error

of about .01/460 = 22 ppm which will induce a trajectory

dependent angular error, conservatively approximated by a

mean value of times the survey error or, for this case,

about 30 ppm.

Doppler (Range Rate Differences or Angular Rates) - It is

shown in Appendix 2 that the angular rate error is propor-

tional to the angular rate and can be approximated by a

mean value of 2 Qds where 6 is the angular rate and ds is

the survey error. Assuming an average value of .01 radians/-

second for 9 over a large portion of the trajectory, the

angular rate error induced by a survey error of 5 PPm will

be . 1 microradians/second.

(5) Calibration

The accuracy of calibration cannot be determined without

knowledge of the techniques and equipment used for calibration.

Calibration affects position accuracy but not range rate or

range rate differences. If, during the flight, ballistic camera

data were used to calibrate the AME, or any other angular

measurement, the best that can be expected is an accuracy of

5 to 10 ppm. Range calibration should be accurate to 1 to 2

feet using calibration beacons on the ground. These figures

will be used to estimate the calibration error although they

are not based on the AME and IfE equipment but are general

order of magnitude numbers for a good system.

(6) Flame Effects

The effects of flame on the phase of a signal is not

known or at least, not yet documented but the amplitude effects
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have been observed and reported. An estimate of the magnitude

of these effects will not be attempted but a tracking criteria

for avoiding propagation throughout the plume will be used.

The effective area of the plume and the magnitude of the attenua-

tion decreases with increasing frequency. For the solid fuel

Scout vehicle, the look angle necessary to avoid flame effect

is estimated at 500 at the 300 mc frequency of the AM-EM-Doppler

System. This is based on data in Reference 12 which describes

the flame effects on telemetry signals during the firing of a

Scout vehicle at Langley Field.

C. CONCLUSIONS

The data in Table 3, which is considered to be an optimistic error

budget, shows that the errors of the best possible tracking system at

White Sands is at least 4 to 5 times larger than the GM requirements,

giving errors of about .25 ft/sec in the range and lateral direction.

This system is not now available at White Sands and could only be

achieved with a detailed and complete implementation planning program,

especially in the interconnecting of the Doppler sites and in reducing

possible error due to timing between the parts of the system.

If a more thorough analysis were possible, which included all error

sources such as the term R0/LQ in the range direction (see Appendix 2),

the errors of this system could easily result in velocity errors in the

range and lateral directions of .5 ft/sec or an order of magnitude larger

than the GEM requirements.

- 69 -



TABLE I

Estimated One a Error Budget for an AME-ME-Doppler System

Source of Error 6 R -6 -6
.__ _ _ _._ _ _ feet -Aradians ,radians/sec

1) Equipment 3 5 .1

2) Tropospheric Propagation 1 8 .005

3) Ionospheric Propagation" 5 8 .15 .2

4) survey Errors 30 .1

5) Calibration 2 10

6) Flame Effect*

RSs 6.2 34 .18 > .22

*Not sufficient data to estimate

**Based on 100 n.m. altitude

***Not estimated (see discussion)
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APPEHDIX I.

TRAJECTORY ANALYSIS

The trajectory analysis for the chosen vehicle configuration (Algol II +

Pershing B-2) has been divided into two phases which are:

Phase 1A - A trajectory where the downward thrusting

firing of the B-2 stage occurs approximately 10 seconds

after Algol II burnout.

Phase 1B - A trajectory where the upward thrusting

firing of the B-2 stage is delayed until an altitude

of approximately 600,000 feet is reached on the down-

ward leg from apogee.

The Phase 1A trajectory gives the required positive and negative accelera-

tions while keeping the re-entry conditions in a tolerable range. The Phase 1B

trajectory gives all positive acceleration to the test item but provides a long

duration of test time, again with tolerable re-entry accelerations.

Phase 1A

The Phase 1A trajectory has been determined based on nominal operation of

the vehicle with no winds. The weights for the existing components of both

stages were obtained from the respective manufacturers while the weights of

the new design components were estimated from preliminary layout drawings. A

sequential weight breakdown for the vehicle is shown in Table 1. A payload

or FSV weight of 1000 pounds is still considered as the nominal for a typical

mission.

The engine performance data used in the simulations were the latest

available from the respective manufacturers. The actual thrust-time variations

for a grain termperature of 75 were used in the simulations along with a per-

centage reduction for jet vane effects. The simulations were not dynamic in

nature and thus the actual control effects were not realized. However, data

obtained from the Martin Company indicated that a 1.5 percent loss in impulse

would be realized from the four vane system of the first stage while a 0.5

percent loss in impulse was realized from the three vane system of the Pershing

B-2 stage. low values were used due to the assumption of no winds and the low

magnitude pitch program required for the mission. The inert slivers in the

Pershing B-2 stage were replaced with propellant thus accounting for the

additional 75 pounds of expendable weight.
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Phase 1 (COntinued)

Removal of the slivers extends the B-2 tailoff, increases the available

impulse and decreases engine cost; all of which are beneficial to the propam.

The trajectories were simulated on the 7090 digital computer using the

3 Dimensional Trajectory Program with an oblate, rotating earth. A vertical

launch from an altitude of 4000 feet was assumed. The coordinates of the

launch location are given in Table 2. A vertical rise for a period of two

seconds was followed by a pitch rate of 0.2 degree per second to a time of

10 seconds. A launch azimuth of 10 degrees from North was assumed to

provide the proper impact location of the first stage. From ten seconds

to fifty seconds, a pitch rate of 0.075 degrees per second was simulated

followed by constant attitude flight (zero pitch rate) to t " 60 seconds

which is the nominal first stage burnout. A ten second coast phase followed

during which the first stage and nose fairing are jettisoned and displaced.

The FSV and B-2 stages are controlled at constant attitude by the FSV gas jet

system during the coast. At t z 70 seconds, the B-2 stage is ignited and

flown at a pitch rate of -0.17 degrees per second for 42 seconds of the

nominal 47 seconds burning time. The remaining five seconds are flown at

constant attitude.

The first stage pitch program was chosen to minimize angle of attack

and provide an impact range of approximately 45 nautical miles. Two pitch

rates would probably have been sufficient in the first stage but the increased

autopilot complexity of including the third value is negligible. The zero

pitch rate at the end of both stages helps to minimize the tipoff rates during

the respective separation modes. A negative pitch rate in the second stage

was required to displace the FSV impact point downrange.

The nominal trajectory parameters as a function of flight time are shown

in Figure 1. Included are the FSV re-entry phase, the drogue chute deploy-

ment and the main chute deployment and flight to impact. Again, instantaneous

dynamics such as instant drogue and main chute deployments were assumed. Chute

design was discussed with the Irving Air Chute Company from which chute character-

istics were obtained as shown on Table 3. The altitude of chute deployment was

assumed as 15,000 feet above sea level which is typical for payload recoveries

of this type. Also, low attitude deployment reduces the impact dispersion due
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to winds during the parachute phase of flight. The angle of attack and

dynamic pressure as a function of first stage burning time are shown in

Figure 2. As can be seen, a maximum angle of attack (no winds) of 0.74

degrees is encountered with the aforementioned first stage pitch program.

Also, a maximum q (the product of dynamic pressure and angle of attack)

of 678 lb-deg/ft 2 is attained which is considered low for a vehicle of

this type.

A more detailed plot of the nominal re-entry phase is shown in

Figure 3, while the re-entry conditions for the abort phase are shown

in Figure 4. The worst possible abort condition in terms of maximum re-

entry characteristics is the failure of the second stage to ignite and

retard the first stage velocity. The maximum acceleration of 18.6 g's

is probably too high for some of the test item components, however, is

sufficiently low for intact recovery, repair and re-use for the majority

of FSV and test item components.

Radar look angle and elevation angle as a function of flight time

are shown in Figure 5. The radar location indicated on the figure is the

location for one of FPS-16 units at "C" station, just south of the assumed

launch facility. It is easily seen that the elevation angle requirements

are met including some of the parachute phase before the elevation angle

approaches the horizontal. The look angle on the other hand goes below the

approximate minimum of 15 degrees during the end of first stage burning. The

limit is determined by the antenna pattern, the exhaust gas composition and

flame shape. In order to alleviate the look angle problem, other downrange

radar sites will be investigated.

The map shown in Figure 6 indicates a plot of the instantaneous impact

points for both stages of the vehicle. The furthest impact point of the FSV

would be approximately that of the burned-out first stage which is the abort

condition mentioned previously. The ten degree launch azimuth was required

to keep the abort impact location in relatively open terrain.

Phase 1B

The nominal vehicle weight and performance used in the Phase 1A analysis

was used for the Phase 1B trajectory simulation. Due to the relocation of

the B-2 stage for this phase, directly on top of the Algol II in the normal

manner, the assumption of the same weight history is slightly in error.
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Phase 1B (Continued)

Future simulations of this phase will include a weight history consistent

with the configuration layout, however, the change in performance from that

presented here will be slight. The same engine performance was used for this

phase as that indicated in Phase 1A.

The first stage trajectory profile is the same as 1A due to the use of

the same pitch program. However, after jettisoning the first stage, the B-2

stage + FSV coast through apogee down to an altitude of approximately 620,000

feet. At this time, the ignition of the B-2 stage takes place thrusting up-

ward to retard the overall FSV velocity. The ignition altitude was so chosen

to give a maximum re-entry acceleration of approximately 10 g's. During the

coast phase prior to B-2 ignition, the vehicle was reoriented slightly to

provide an impact range for the FSV of approximately 40 nautical miles.

Constant attitude flight was maintained during B-2 burning.

The variation of typical trajectory parameters as a function of flight

time are shown in Figure 7. The long flight time of such a trajectory is

ideal for obtaining errors that propagate as a function of time. The impact

coordinates of the SV are given in Table 2. Tracking requirements have to

be investigated for this vehicle. It is obvious that the look angle problem

mentioned for the Phase 1A trajectory exists here if the "C" station radar is

considered.

Future Analysis

The dispersion of trajectory parameters due to payload changes, off

nominal grain temperature, propellant loading variations, etc., will be

considered in future analysis. Such dispersions will be combined with wind

and control dispersions to evaluate the probable impact areas for all

stages.
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TABLE 1

WEIGHT HISTORY - G.E.M.

SUPER ALGOL + SECOND STAGE PERSHING*

*Incl. Jet-Vane Att. Control System

Item Weight, lbs.

VEHICLE AT LIFT-OFF

Less Stage 1 Propellant -21,770
less Stapve 1 Inerts -115

VEHICLE AT STAGE 1 BURNOUT

Jettison Stage 1 -3,253

Jettison Nose Fairing -50

VEHICLE AT STAGE 2 IGNITION

less Stage 2 Propellant -2,860

Less Stage 2 Inerts -25

VEHICLE AT STAGE 2 BURNOUT 1,746

Jettison Stage 2 -746

VEHICLE AT RE-ENRY CONDITION 1,000
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TABLE 2

LAUNCH AND IMPACT LOCATIONS

AUNCH SITE

ATITUDE LONGITUDE

32.4160 -io6.3205 °

IMPACT LOCATIONS

PHASE BURNED OUT ALOL II FSV

IATITUDE lONGITUDE ATITUDE LONGITUDE

1A 33.1880 -106.3280  32.6130 -106.286°

1B 33.1880 -106.328°  33.0500 -106.258 °
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TABLE3

DROGUE AND MAIN CHUTE CHAMCTERISTICS

TYPE DIANEMR, C AIITITUE OF DEWDG2FP

DROGUE Fist 17 Feet 0.5 15,000 It (MSL)
Ribbon

MAIN Flat 3 Chutes 0.5 10 seconds after Drogue
circular (a) 37 Feet
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APPENDIX 5

GE AE0DYNAMIC COMPUTOTIONS

The aerodynamic coefficients CA, CNq and the center of pressure XCP

have been computed for the final configuration of the GD( ascent vehicle

and will be used in the performance and trajectory studies (see Figures

1, 2 and 3).

In order to maintain the aerodynamic stability of the GE3 entry vehicle
at transonic speeds, the flap configuration was modified to the present

deflection angle of 200. The aerodynamic coefficients corresponding to
this revised flap configuration have been computed for mach numbers from
0 to 6. (See Figures 4, 5 and 6.)

Pressure distributions on the ascent nose cone and the entire entry

vehicle have been computed for mach numbers from 2 to 10 for corrective

heating studies.

load distributions on the ascent nose cone (at the point of maximum

dynamic pressure during ascent) and on the entry vehicle at several
points during the descending trajectory (maximum stagnation point heat-
ing and maximum dynamic pressure) were computed for the design of the

primary structural components. (See Figures 7, 8 and 9).

Roll torques due to off-set center of gravity were also computed. (See

Figure 10).
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APPENDE 6

GUITM ~IDY3WIIC DMI!

1. Ascent Stawation Point (Thermal A!Q zer Proem)

.he aseent stagnation point confiamtion Is given below in lieu. 1

-3 ,In. .- 2

Inside

FIQJM111 1

Ow. materiel is fiberglass hich has the following therml properties.

density - 120 lb/ft3

specific beat - 0.25 B/ft-°F

thermal conductivity - 0.2 J/ft-hr-°F

Muisivity - 0.8

Dible I gives ascent trajectory and tmperature data.
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TAN3 I
(A st)

(see) (ft) (fps) (07) (Or) (0) (ar)

0 1,ooo 0 6o 60 60 0

5 71 6o 60
10 8,116z 889 101 60 6o 72T

15 225 60 60

20 21s 880 830 1103 62 60 191

25 74 67 6o

30 6,070o 3,118 1,125 86 60 2,136
35 1, 507 116 60

10 86, 740 5, 263 1,813 175 61 $59

115 1,635 218 65

50 151,618 7,13 1,1185 311 72 91.8

55 1,281 W12 85
60 226,805 7,530 1,037 03T. 10 6.so
63 920 517 132
70 300,000 7,207 0
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2. ke-enr OtawMtion Point (lbtiu4 Anjer Prows.)

The. re-entzy stagastion point ooufigm'tIon to given below in Mome 2.

Flow

Flow

1 Outaide

.15 In..

. 3 in. 0 2

FI=N 2

The mterial is fiberglass vith the thermal properties am give in the

ascent section.

able II SLyes re-entry trajectory and temqpture data.

Tbe time spent in space (300,000 ft to 300,000 ft) is 485 sec. The cooling
of the re-entry nose cap due to radiation during this time accounted for
in the temperture calculation.

- 98 -



(Ito-entry)

MM ALTIMD YVMOCI' r TUG' PIN2 E3N

(see) (ft) (:ps) (°1) (01) (or) (POf)

0 300ooo 7,207 39 1.3 1.5 .1

5 263,6oo 7,362 112 13 45 1.0

10 226,3oo 7,513 2n. 13 15 6.3

15 188,500 7,6U. 517 1.5 145 26.6

20 150,000 7,697 999 55 45 105

25 2.2,100 7,383 1,786 77 15 6

30 78,6oo Z,687 1,866 122 45 1.o6
31.5 70,600 8,5s6 1,600
35 57,000 2, 999 997 206 16 1,171

40 46,.600 1,335 716 330 51 391

.s 10,8oo 781 655 391 61 165

.30 38,200 655 576 379 80 139

60 32,300 536 189 373 137 116

70 27,300 170 433 359- 186 108

80 22,8oo 12 39 3117 223 105

90 18,300 391 366 337 249 103

100 11,900 369 315 329 268 102

110 11,300 317 329 323 281 101

10 7,9oo 328 318 31.9 290 100

130 1h,750 312 309 315 296 100

14o 1,750 297 302 312 .300 99

116 0 29 299 310 302 99
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3. Ascent Payload Shell ("Min Skin" Pro s.)

The ascent payload shell configuration is given belov in iev.i 3

Fow

82 in.230 in. 4

PI(RJR 3
fhe material at stations ( and @ is 2014 6 alusminum which has
the folloving thermal properties.

Density - 175 lb/ft3

specific heat - .23 TIJ/lb-°F

hezmal condutivity - 89.6 BTJ/ft-hr-°F

Your runs were made with the following coubination of parameters

Run station A tissivity ftickness Initial TVqperture

1 2 0.05 0.090 in. 60°7

2 2 0.20 0.090 in. 600f'

3 1 0.05 0.090 in. 6007

42 0.05 0.180 in. 600F

The results of these runs are given in Tabae III.
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TABLE III
(Ascent)

1Vf NAMIC
TIME ALTITUDE VELOCITY TReRun 1 EiRtm 2 Tu 3 TRUn PRESME
(see) (ft) (fps) (5E) (0i) ) (4) (pof)

0 4.,000 0 520 520 520 520 0

5, 785 356 519 519 519 520 126

8 7,570 711 519 519 519 520 479

12 n1, 146 1,077 52 524 521 522 982

16 16,513 1,151 536 535 536 528 1, PO4

20 21,880 1,830 556 58 5 1,990

2 31,556 2,35 587 587 589 558 2,312

28 41,232 2.,860 627 626 631 581 2, 265

32 51204 3,547 674 673 679 609 1,873

36 70,4172 h.,105 724 723 731 638 1,328

40 86,740 5,263 769 .768 777 663 859

12,691 6,123 800 799 810 682 331

48 138,642 6,983 819 817 829 692 138

52 166,655 7,436 830 828 840 698 52.9

56 196, 730 7P1e83 833 831 85 700 19.2

60 226, 805 7, 530 83 831 87 701 6.2

6 256,083 7,1101 835 831 848 7o 1.6

68 285,361 7,T7.2 835 831 88 701 .3

70 300,000 7,207 835 831 848 701 .1
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ii. Re-entwy Paload Shell (" h.in Skin" Prowmn)

,...'Te re-entry payload shell conftigmtion is given below in Figue i.

FIGURI J

Note that stations ( and @ are the some stations disnued in the
ascent payload shell section.

Agiin four runs were made with the folloving combinations of pmeters.

Run Station Esni.iit7  Thickness Initial Temperature

1 i)0.05 0.090 in.

2 Q 0.05 0.09 in. 50007

3 0.05 0.090 in. 200

(D 0.05 0.090 in. 2001

The results of these runs are given in Table iV.
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TA3LE IV

iRe-entry)

TIO ALTITUDE "'EL'ITT TD<PR.m 1 "Rhm 2 TE"4RM 3 2Wm 4

(see) (ft) (fps) (OR) (R) (pf)
0 300,000 7, 207 960 .1
4 270,861 7,331 960 960 660 660 •7
8 211,260 7.-453 961, 960 661 661 3.2

12 211, 219 7, 565 962 961 663 662 11.6
16 180,792 7,655 965 963 666 665 34.4
20 150, o6 7,697 970 967 673 670 105
2 119, 670 7416 989 985 697 698 357
28 91,317 6,526 1,0o3 1,036 768 758 1,0o 8
32 68,288 1573 1,106 1,090 85 83 1,588
36 5,235 2,56,1 ,18 1,101 886 862 975
0 46,728 1,235 1,o91 1,079 871 851 325
1 13,325 1,004 1,060 1, 052 848 832 252

18 39,922 T7.3 1,030 1,027 825 813 176

52 37,086 636 i,002 1,003 803 795 137
56 3A1819 593 97 979 782 777 131
60 32 551 550 947 955 761 759 123
6 30,283 507 920 932 71 742 113
68 28,409 487 893 909 722 726 112
72 26, 591 469 867 886 70 71o I
76 21, 773 452 812 86 686 69 in0
80 22,955 134 817 82 668 679 108
8 21,136 117 793 820 653 665 106
88 19, 139 4o2 770 799 638 651. 10
92 1791 391 748 779 62 638 10
96 16,48 380 727 760 611 626 103

100 1A 953 369 708 7.1 599 615 102
10 13,653 362 688 723 588 60 102
108 12,-352 355 671 706 578 595 103
112 1i 052 318 655 690 569 586 103
116 9,752 311 640 675 562 578 103
120 8,.52 335 62T 661 555 571 103
12 7,151 328 611 648 549 565 103
128 5,851 321 603 636 544 559 103
132 , 551 31 593 625 510 555 102
136 3,251 307 585 615 537 551 102
116 0 290 568 59 533 54 100
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APPENDIX 7

T! TIVE ATTITUDE CONTROL PROPULSION IAYOUT

1. The following are preliminary layouts of the attitude control

system. The exact combination to be utilized is still subject

to investigation.

A. Cold Gas System

High Pressure
X-Ducer Low Pressure Roll CW

* "ue r f T u b e R o l l W

Relief Valve

118" & ccw

,Tube 
Roll CCW _

Tank RegulatorI

3/8"Tube 
P. Down

" b..! ----" 3/8" Yaw L..

Yaw R.

Valve Valve (Iyp)

Nozzle (

LAYOUT SCHEATIC
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A. Cold Gas System (Continued)

(1) Specification

All nozzles: .210 dia. throat, .728 dia. exit

Epansion Ratio -- 12

Average ISP a 63 Sec.

* Regulated Pressure: 300 t 15 PSI
Lockup 360 PSI max.

Relief Valve: Crack 425 PSI Min.
Reseat 375 PSI Max.

* Included herein is nitrogen pressure for Hot Gas System.

(2) system W

Weight (bs)

Program A Program B
mponen400# Sec. 2000# Sec.

1. Gas 8.90 40.80

2. Tank 11.57 53.10

3. H.P. X-Ducer .25 .25

4. Loading Valve .50 .50

5. Regulator 1.30 1.30

6. low P. X-Ducer .25 .25

7. Rol Valve (4 Total) 1.80 1.80
8. Roll anifold (4 Total) .8o .80

9. Pitch & Yaw Valves 4.40 4.40

10. Pitch & Yaw Manifolds 1.50 1.50
11. Nozzles (8 Total) .27 .27

12. Plumbing & Fittings 1.86 3.19

13. Relief Valve .25 .25

Total 33.65 108.41

(3) System Volume

Program A Program B

Fixed Hardware 100 cu. in. 100 cu. in.

Tank Volume (3000 PSI) 1060 cu. in. 4850 cu. in.
Tank Size (3000 PSI) 12.70 ID 21.0 ID

12.94 OD 21.40 OD
Tank Volume (4000 PSI) 790 cu. in. 3640 cu. in.

Tank Dia. (4000 PSI) 12.30 ID 19.0 ID
12.61 OD 19.48 OD
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B. Hot Ga E Fill Valve

Nfor cold gas jets)

Tank Dia. - 8.70"

Pressure Regulat, Coto Jets

Normally ClosedN FulTn
ZKplosive Valves 2H

Start
Cartridges s- ale

1.75 lbs. each

10 C

lAYOUT SCEW4TIC
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B. Hot Gas System (Continued)

(1) Specification

Four (4) Thrust Chambers, 25 lbs. thrust each

Total Impulse of 3500 lb/sec.

Pressure regulated system - ga with 3.0 lbs. gas for
control jets.

Bladder in fuel tank

(2) D Criteria

N2 % monopropellant - Tsp 230 sec.

Chamber pressure 130 psia

Tank pressure 250 psia

N pressure - 4000 psia, regulated to 250 psia

Fuel tank - aluninum

N2 tank - steel

Thrust Chambers - Haynes 25 alloy, radiation cooled

(3) Component Weight and Size Summar (Same for both Programs)

Weight Size Volume

N tank .950 lbs 9.35" Dia. 425 cu. in.
* N gas tank 7.75 bs 8.70" Dia. 396 cu. in.

Fuel Tank bladder .20 lbs -

Pressure regulator

Thrust Chambers (4) 7.00 lbs 10" long (each)
(1.75 lbs each)

Fire valves (4) 2.4 lbs

Eplosive valves (2) .350 lbs -

Start Cartridges (4) 1.20 lbs

Fill & Drain valves (3) .75 lbs

Dry weight 20.62 + structure, lines, wiring

Fuel (incl. 1%) 15.35 lbe

gas 3.60 lbs (incl. 3.0 lbs. for control
Jets)

Total weight 39.57 lbs

* Note: Only provided for information - nitrogen pressure
is provided in cold gas estimate.

Note: The above Hot Gas System layout is based on the use
of hydrazine (Nh) as the propellent. Pydrogen peroxide
would require a slightly larger tank.
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APPENDIX 8

FPs-i6 RADAR ACCURACY STuDY

1.0 Introduction

An accuracy study was performed on the FPS-16 radars at two sites at

the White Sands Missile Range. The purpose of this study was to deter-

mine the applicability of the FPS-16's to adequately track GEM for

backup radio guidance purposes.

The two FPS-16 site locations selected were Tula Range Camp situated

about 240,000 ft. North and 50,000 ft. East of the launch point, and

C Station located about 21,000 ft. South and 15,000 ft. West of the

launch point.

Two trajectory points were chosen from the Phase I GEM trajectory. One

point was taken near first stage burnout during maximum ascent velocity

and the other point taken at low (about 10-20 degrees) elevation angles

as seen by the site in question. It is expected that errors associated

with intermediate trajectory points will not exceed those obtained for

these points.

Velocity accuracies were derived in terms of an earth fixed Cartesian

coordinate system located at the site under study. The axes were ori-

entated with the X axis pointing true East, Y true North and Z along

the local horizontal.

2.0 FPS-16 Accuracies

The larFPS-16 accuracies assumed were:

AR = 15 ft.

&A = .15 mr.

AE = .15 mr.

AR = 3 ft./sec.

A = 30 k rad/sec.

E = 30p rad/sec.

It is assumed that the velocities were determined from the position

measurements by differentiation using 3 to 5 seconds smoothing.
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3.0 Trajectory Parameters

3.1 Tula Range Camp

3.1.1 Case A. High velocity point

t(time) = 56 sec. (after liftoff)
R (range) = 31.4 x 104 ft.

A (azimuth) = 192 deg. (measured from North)
E (elevation) = 38 deg. (measured up from local horizontal)
R (range rate) = 4620 ft./sec.

A (ang. rate) = 0

E (ang. rate) = 19 mr/sec.

3.1.2 Case B. Low elevation angle point

t = 26 sec.

R = 25 x 10 ft.

A = 192 deg.
E = 7 deg.

R = 300 ft./sec.

A-0

E = 10 mr/sec.

3.2 C Station

3.2.1 Case A. High velocity point

t = 56 sec.

R = 19.2 x 104 ft.

A = 35 deg.
E = 82.2 deg.

R = 7500 ft./sec.

A=0

= 5x10 mr/sec.
3.2.2 qase P. Low elevation angle point

t = 16 sec.

R = 2.8 x 10 ft.
A = 35 deg.
E = 22.5 deg.

R = 512 ft./sec.
A=0

E = 47 mr/sec.
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I.0 Analysis

The following equations vere derived and used to transform the FF8-16
errors into a Cartesian coordinate system.

IA + AA + Ax + BI .A

8H A rx

BY Y b AI + -i-AR + ML.~ AZ.
Y ~ ~ ~ iA -MA +L 'a AA+ AE+

~~i+ 4; B

& 'R + & E + 9 -A&R+ -A -A
BR MBM

5.0 Results

The results of the accuracy study are given in the following four

tables vhich show the le error contribution to the Cartesian velocitie

of the FPS-16 errors. The root sum square Cartesian velocity errors

are also included.

5.1 Tula Range Camp. Case A

A *A,
ft/sec. ft/sec. ft/sec.

Rl .o. .18 .22

A .01 - -

Al .22 1.13 .01
AR, .495 2.35 1.8 ,

'Ai 7.5 1.56 .00
'Au 1.23 5.79 7.141

S 7.6o 6.64, 7.63
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5.2 Tula Range Camp. Case B

AX AY AZ

ft/sec. ft/sec. ft/sec.

A.R - .02 .15
&A .05 - -

AE .08 .38 -

AR.63 3.00 .36
AA 7.5 1.57 -
Ai .12 .2 7.5
RSS 7.50 3.52 7.51

5 .3 C Station. Case A

AX AY AZ
ft/sec. ft/sec. ft/sec.

AR .x4 .o6 .Q1

AA

AE .65 .94 -
AR .22 .32 3.00

AA .62 .43

A 3.26 4.72 .76

3.39 4.84 3.o9

5.4 C Station. Case B

AX A Y Az
ft/sec. ft/sec. ft/sec.

AR .14 .21 .66

AA - - -

AB .12 .17

AR 1.59 2.3 1.07

AA .64 .44 -

AE .17 .25 .79
R8S 1.73 2.37 1.48
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6.0 Conclusions

Flame attenuation effects were not considered. These effects may eli-
eliminate C-Station as a possible tracking site but the Tula Range

Camp radar accuracy is certainly adequate for use as a backup guidance

system.

Based on other results of this study it is expected that the velocity

accuracies determined with respect to the other FPS-16 sites at White

Sands would approximate the values determined for the Tula Range Camp

and C Station sites, and thus would also suffice for backup guidance

purposes.
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APPENDIX 9

TEST ITEM RE;UIRD.4MS

1. It is the purpose of this appendix to specify those requirements of the

test item to be accommodated by the GED Test System. These requirements

detail the physical constraints that must be met by the testing system to

acccmplish a realistic evaluation and to insure that the test item is

operating within its design envirornent. Further, the Test Item - Final

Stage Vehicle (FSV) interface constraints and the AGE requirements will

be established. The test trajectory parameters are specified elsewhere;

this appendix is limited to the requirements on the vehicle and launch

complex when subjecting the test item to the test trajectory.

2. As discussed in the section on test philosophy, in Monthly Progress Report No. 1

(Reference 6), guidance hardware testing will consiot of two types of tests,

component testing and system testing. The former will be accomplished by

use of a specially designed test platform upon which the inertial components

will be mounted. This platform will have capability of azimuth reference

determination and of multiple component accommodation in selective orienta-

tions and attitudes. Guidance system testing will entail the operation

of the specific guidance system under test within the GEM test coupartment.

The guidance system test capability will include stellar-inertial and

re-entry guidance testing.

3. The requirements to be set forth are of sufficient broadness to provide

test capability for all systems and components under consideration. The

requirements have been developed from experience and from the current and

forecast demands of guidance techniques.
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4. Requirements on FSV

a. Test Item Space

The space to be provided for mounting of the test item wll be as

follows:

Cylindrical - 36 inches in diameter

- 65 inches minimum, 75 inches maximum in height

The cylindrical longitudinal axis will be parallel to the GE longi-

tudinal (or roll) axis.

b. Test Item Weight

The weight of the test item will not exceed 500 pounds. This does

not include instrnentation, primary A/B power supply, nor the test

item mounting fixture.

c. Test Item Mounting

Each system to be tested will have its individual mounting require-

ments and the test item compartment will be constructed so as to

accommodate special mounting fixtures. Such mounting fixtures will

be designed to provide satisfactory mounting of each system to under-

go test. This interface will be accomplished at the time of test

program initiation.

One exception to the above will be the preliminary design of the

mounting fixture that will accomodate the component test platform.

As the design criteria of such platform will be provided herein, so

will the criteria for the mounting interface. It is desired that

the mounting technique utilized for the test platform be adaptable

to the mounting of individual systems.

d. Environmental Requirements

(1) Vibration - The test item will not be subjected to vibration in

excess of the following along each axis:
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(a) 1.25 g's rs sinusoidal at one or more frequencies in the

range 5 to 150 cps.

(b) 2.5 g's rus sinusoidal at one or more frequencies in the
4,

range 150 to 2000 cps.

(c) The above to be combined with a random component (Gaussian)

of .016 g2/cps below 150 cps and .04&7 g2/cps from 150 cps

to 2000 cps which rolls off at 12 db/octave above 1000 cps.

The above criteria is for the test item itself. However, it is

desired that the structural design of the FSV be governed by

the following criteria:

Equivalent static loading - 17 g'5

Maxia resonance (Q) - 7

(2) Shock - Jerk inputs of 125 g/sec for 0.1 sec

The above shock requirements are for normal system/cmponent A/B

operation only. For abort missions, or for normal parachute

blossom and landing impacts, the following shock spectrun will

be the test item criteria:

+ 25 g's

Acceleration 1 ' 1

Freaueney ,00 Ops
I25 cps

-25 g's

Shock Spectrum

The 17 g level is derived from static loading design of the

guidance system. This level is undoubtedly several magnitudes

higher than 17 g's for destruction purposes.
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(3) Acoustic Fields - Acoustic pressure of 150 db relative to

0.002 dynes/cm 2.

(4) Temerature Requirements

(a) Ground Operations

The surrounding air in the test item compartment will be

controlled to a specific range within the broad range of

400 to 800 F. The specific range will be dictated by the

temperature specifications of the individual components

and/or system undergoing test. This temperature control

will be provided by an AGE air conditioning unit capable

of variable temperature regulation.

(b) In-Flight Temperature

The air temperature external to the test item shall not

exceed 4000 F. The heat produced by the internal heat

source within the test item shall be dissipated by installa-

tion of a heat sink system. Such a system shall be coupled

to the internal Qonf.iuration used in ;the ground temperature

controlling mode. Each type of test item will require an

individual design to acccmodate such cooling. The cooling

capacity of such a sink will be 30 BTU/min for 8 minutes.

Such a system will be required for those trajectories with

an operational test longer than 3 minutes. The system will

be simple and reliable, being activated during flight via

a mechanical timer. Further study of the requirements for

such a system will be initiated.

e. Optical Access

Two ports will provide optical access to system alignment mirrors

or prisms. Further, these same two ports will provide stellar
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tracking capability when such systems are undergoing test. When

used during ground alignment, the ports may be optical flats sealed

to the structure. During flight, when testing stellar tracking

systems, the optical ports must be uncovered remotely by ccnnand

to provide clear access for the stellar observation devices. Upon

completion of the stellar observation, the ports must be resealed

in flight. It would appear that the most practical scheme would be

to design one set of optical ports for all types of test and open

or close them upon connand and as required by the mission. The

ports will be centered on two mutually perpendicular radial axes.

Provisions must be incorporated that will allow rotation of the port

axes to suit requirements of specific test items.

f. Pbsical Access

The FSV will be constructed to provide access to the test item and

instrumentation for maintenance, adjustment, replacement and repair.

Such access must be available when the missile is in the launch posi-

tion and when mounted on the transporter.

g. Umbilical Requirements

Provisions must be accomplished for electrical, liquid, and gas

umbilical connections to the test item. As system testing would use

the individual umbilical hardware designed for the particular sys-

tem, the FSV must be designed to mount any of a number of umbilical

connectors. An adaptable umbilical mounting panel would give such

flexibility. This panel should be designed so as to accommodate a

7-inch diameter umbilical connector.

h. Power Requirements

The test item will be provided with electrical power from a supply

located in the FSV. Such supply should be somewhat flexible as the
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requirements may vary with each test. The requirement given below

is based on a desired capability of concurrent testing of two sys-

tems. Telemetry power requirements are not included below but will

be provided elsewhere. Power requirements are as follows (this is

the most extreme case of testing two systems on the longest trajectory):

14OO watts naimnal

2400 watts (peak) at 26-31 volts DC

Duration: 14 minutes

i. Dynamic Requirements

The test item will not be subjected to any roll dynamics in excess

of the following:

Roll position - + 50

Roll rate - 15 cps

5. Requirements for universal test platform will be detailed elsewhere; however,

criteria for such a platform will comply with these requirements.
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APPENDIX 10

STeLAR INERTIAL TEST FIXTURE DESIGN REJIRSUM

1. PURPOSE

The purpose of the GEN Universal Stellar-Inertial Test Fixture (MrITY),

its associated electronics computers and ground support equipment is to

provide a means for evaluating typical inertial and stellar guidance

components such as gyroscopes, accelerometers, velocity meters, and

star trackers on the GE prior to their integration into a guidance

system. The GEM/USITF will be a flexible inertial measurement unit

serving as a test bed for GEN flights involving component testing.

A. The GE/USITF will consist of, but not be limited to:

a. Airborne Equipment

(1) The inertial measurement unit

(2) The airborne Digital Computer (Buffer)

(3) Interface to power supply (28V DC) signal conditioner

and pulse code modulated telemeter multiplexer.

b. Ground Equipment

(1) IMU checkout, erection and launch set

(2) Azimuth aligment set

(3) IMU test monitor console

(4) IM data recorder

(5) Ground digital computer

(6) Ground support equipment

B. The GEN/USITF will operate in, but not be limited to the following

modes:

a. Inertial

b. Gyro drift test

c. Accelerometer or velocity meter calibrate

d. Stellar acquire

e. Ready

2.* GENERAL RQIEET

A. The velocity errors contributed by components other than the gyros,

accelerometers and stellar sensors shall not exceed .07 ft/sec RMS

for typical GEK trajectories. (This is roughly equivalent to t 2 c

total erection error for presently planned trajectories).
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2. GENERAL REQUIREMENTS (Continued)

a. Life - requirement to be specified

b. Reaction time - requirement to be specified

c. Interchangeability - Since the GE/USITF platform will be used

as a test fixture it will be essential to provide means for

accepting gyro, accelerometer and star sensor fixtures of un-

known design. The holding fixtures will be specified in out-

line only so that they may be modified depending on the

component being tested.

3. SMUDARD COMPONENTS

A. The following represents a listing of standard components and sub-

systems but does not represent a complete design specification.

The gyro, accelerometer and star tracker orientations are justified on the

basis of analysis that will be included in the final report.

a. An easily removable platform and two gimbals integrated so as

to allow access for alignment work and stellar snesor acquisition.

b. Three gimbal position pick-offs for sensing inner, middle and

outer gimbal positions.

c. Three gimbal torque motors for a stabilization subsystem.

d. Elevation pendulum for erection of the system.

e. Reference pendulum for erection of the system.

f. Azimuth mirror for erection.

g. Standard (Azimuth and reference) star sensor with azimuth axis

coincident with GEM thrust vector Z. This will be the only

means of measuring drifts about Z.

h. Gyro fixtures to accomodate 3 orthogonal gyroscopes. The

coordinate systems will be X, Y, Z (north, west and up) or
0(i A dy in which A is west, o( is north rotated up 450, I is

_L to oand is normalto the plane.

i. Accelerometer - Velocity meter fixtures to accomodate 3 ortho-
gonal accelerometers in the X Y Z (north, west, up) system.

J. Star tracker fixture to accomodate one unspecified star tracker

so that azimuth axis of tracker will not be coincident with GD4

thrust vector.
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3. MI CCWoNUTS (Continued)

k. Optical alignment provisions for measuring incremental mis-

aligments between theoretical X, Y, Z accelerometer axis and

actual X', Y', Z' axis, and between theoretical gyro o(

and actual " A' 2" axis.

1. Fine balancing slugs for gimbals and platforms. Since the

OEM/USITF must accept unspecified components, provision must

be made for achieving fine balance of platform and gimbals once

test components have been installed.

m. Stabilization subsystem capable of operating on 3 unspecified

signals from 3 SDF gyros or 2 TDF gyros.

n. Erection Electronics - the erection electronics represent a

subsystem controlled from the test console capable of erecting

the platform to 2 sec or less using signals from an azimuth

aligrnment set, pendulums, and gyroscopes.
o. Airborne heat sink will be provided to absorb 30 BTU's/hr. for

12 minutes.

p. Airborne computer will contain:
(1) Conditioning and sampling input device

(2) Three accelerometer accumulators capable of non-destruct

readout twice per second

(3) Three gimbal pick off accumulators capable of non-destruct

readout twice per second

(4) Four tracker gimbal pick off accumulators capable of non-

destruct readout twice per second.

Essentially a buffer device, this computer should provide for

the insertion of additional circuit modules in card form as

required.

q. Ground Computer - The ground computer will consist of a progrmable

digital computer with sufficient arithmetic, control and memory

capacity to:

(1) Calibrate three accelerometers from data acquired in a mini-

mum of six positions for scale factor and bias. Equations

will be specified.

(2) Perform a gyro drift test in ground mode.

(3) Perform a stellar acquire test in ground mode.
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3. STANDARD COMOwTS (Continued)

B. Additional component and subsystem requirements must be made

concerning:

a. Ground equipment
b. Airborne equipment

c. Calibration requirements
d. Accelerometer calibration equations

e. (tro calibration equations
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APPENDIX 13

GYRO ORIENTATION STUDIES

SuMary

The ability to identify gyro error coefficients on a GEN flight is

dependent on both gyro and accelerometer orientations. Since the relative

orientation of the gyros and accelerometers is usually fixed for a particu-

lar IMU, it is of interest to determine whether any orientation(s) of the

IMU can be found which will be satisfactory and, if so, to consider the

advantages of possible alternatives. This subject is considered herein for

a particular platform whose components are oriented as in Figure 1. While

no wholly satisfactory orientations exist, it is shown that an flJ rotation

which places the X-accelerometer along the thrust vector will yield useful

information.

Analysis

1. Drift Equations

The ability to detect drifts arising from gyro error coefficients

depends on the generation of error angles about axes in the plane

normal to the sensed acceleration, A. For the GEK case, where the

direction of K is constant, gyro-caused velocity errors are propor-

tional to A x P, and hence this quantity serves as a figure of merit

in considering alternate component orientations. If we restrict atten-

tion to drifts which are proportional to A and A 2 , the drift equations

for the platform under consideration are:

*For gyro drift arising from any particular error coefficient, N, the re-

sultant acceleration error is SX - I x S ;dt. During eitheL stage, the
direction of A is constant--it follows that the direction of is also
constant and therefore that

A

~~A=~~ jAJ~.0 dt-
Thus the magnitude of the acceleration error is proportional to Ax I.
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Gyro I

= " D2 + BA1A3 - MA 3)

+ (C2 +m 1 B2A3 1 '1 3

Gyro II

= (CA3 + DA 2 - BA1A3 + F1A2

where 1 and 2 are unit vectors along the sensitive axes of Gyro I and

is directed along the sensitive axis of Gyro II (whose other input

axis is unused).

Forming the cross product, I x 7, we can construct the following

table:

TABLE I

Gyro I
N IX x OI/N Direction of Drift

CIA I\ A Aalong component of
normal to 3

DA A2 -Aperpendicular to com-
3 Aponent of I normal to

B A32 A2 - A-32 same as C

E IAA A2 -A 2  same as D
3 3

Gyro II
IA IVA2 - A,2 about

I AA 3  A 32 I about 3

,AA 2  A-' about

-2 3
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FIGURE 1

GYRO, ACCELEROMETER AND COMPUTATIONAL COORDINATE SYSTEMS

z c

2 Not used

- spin -3 2 1 -spin

-i = -spi
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c GYRO 1 GYRO 2
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Y
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At this point, it is desirable to make several observations based on

the preceding:

a. Drifts proportional to A2 are always accompanied by drifts

proportional to A. Separation is possible by virtue of differences

in the shape of the error profile although results are somewhat

obscured by two integrations. It may be possible to obtain some

improvement here by using supplementary data derived from star

tracker measurements.

b. Velocity errors arising from the C and B coefficients may be

suppressed by directing the thrust entirely along axis 1 or 2--this

permits an "uncontaminated" measurement of the D and E terms.

Errors arising from D and E may not, however, be eliminated without

simultaneously suppressing those produced by C and B.

c. While it is true that drifts produced by the C and B terms

occurs about an axis which is perpendicular to that arising from

the D and E coefficients, this fact is not quite as useful as it

might appear. The difficulty stems from cross-coupling with

velocity errors produced by Gyro II which in turn arises from the

fact that the gyro and accelerometer axes do not coincide. Once

again, supplementary information obtained from stellar measurements

may be advantageous.

2. Accelerometer Orientations

For gyro testing, it is almost mandatory that one accelerometer

coincide with the thrust direction for in this configuration the remain-

ing accelerometers will be subject only to bias errors and hence are op-

timally suited to sense gyro-caused errors. This orientation is also

optimmn for observing the scale factor, quadratic and cubic uncertainties

* Data obtained from a second flight where the IMU orientation is reversed
might also be used.
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of the accelerometer directed along the thrust vector but is, of course,

of no value in detecting its cross axis effects.

3. DU Orientations

The standard platform orientation is shown in Figure 1. Reflection

on the above suggests that only three orientations are worthy of serious

consideration--namely, those for which the thrust vector coincides with

the X, Y, or Z-accelerometer axes. (Changes which alter the relative

gyro and accelerometer orientation have been ruled out since they

require extensive hardware modifications internal to the IMU.) To faci-

litate a quantitative ccmparison, the magnitude of A x ; is listed in

Table III. From the table, it is apparent that, despite certain draw-

backs, a rotation which places the X-accelerometer along the thrust

direction has many advantages and is, in any event, the best available

choice. Some of the properties of this orientation are

a. Velocity errors arising from all coefficients other than B and

E (which should be statistically identical to B and E) are near

their maximum values.

b. Only the D and E terms contribute to errors in the Xc direction.

Errors in the Yc direction arise from C, B, C and D. Thus, if the

A dependent and A2 dependent terms are separated (as described

above), the X channel provides a measurement of the D and E terms,

and the B term may be extracted from the Y channel. The remaining

coefficients (C, 8 and D5) cannot be further separated on the basis

of velocity data but, since the properties of D and B (and C and C)

are identical, several flights will yield an estimate of the statistics

of C. Again, it may be that stellar measurements will provide useful

supplementary information--this subject will be considered further

in future studies.
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TABLE II

IA x 01/N for lal - 1

Platform Rotated so
Error Coefficient that Thrust. is alo Gyro-Oriented to

N X Y Z Maximize Error
Accel. Accel. Accel.

Gyro I
C A7 .37 .37 .5

D .574 .914 .911 1.0

B .385 .150 .150 .386

E T47 .37 .37 .5

Gyro II

C .470 .37 .37 .5

D .329 .529 .529 1.0

0 .262 .262 .386

E 0 .374 .374 .5
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